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XH RipI-Flo Screen 
ae 220 tph 24-60 Superior 


Crusher 


584 Hydrocone 
Crusher 


King-size crushing job—from 16” feed to 34” product —with 


two crushers instead of three 


Two important efficiency factors were the key to a new installa- 
tion in Southwest “‘copper country.” 


First of all, only Allis-Chalmers could furnish the right-sized é ~— SUPERIOR gyretery crushers 
crushers to do the job. A 24-60 Superior gyratory is the primary th 3; and secondary ctushing icada. 
crusher for reducing raw 16” ore down to 214”. Final crushing, \ ae 
down to 34”, calls for a 584 fine chamber Hydrocone crusher. 

It’s normally a job for three crushers — but these two do the 
job dependably . . . and both are equipped with time-saving 
Hydroset controls. 

Secondly, A-C engineering service specializes in designing 
plant flows that bring out the best in equipment... designed 
for maximum efficiency, step by step, from bin to storage pile. HYDROCONE crushers, built 
_ Ask your A-C representative about complete engineering serv- ond tertincy stagen, hove pd 
ice and the size range of A-C crushers. Or write Allis-Chalmers, ana 
Industrial Equipment Division, Milwaukee 1, Wisconsin. a-1335 ; 


Superior, Hydrocone, Hydroset and Ripl-Flo are Allis-Chalmers trademarks. 
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A 33-yd shovel installed at a Pittsburg & 
Midway Coal Mining Co. mine in Kansas in 
1938 was the largest in the world at the 
time. Still in operation, it is stripping 45 ft of 
overburden from 17 in. of coal. See page 58 
for The P & M Story commemorating the 
company’s 75th anniversary. 
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HEAVY DUTY 


HYDRASTROKE | 


FEEDER 


Exclusive 


HYDRAULIC 
OPERATION 


IPERATION 


Exclusive hydraulic power drive supplies the fluid to a cylinder which 
reciprocates the deck. Fixed or variable feeding rates are easily available 
through the use of a fixed or a variable volume pump. Length of stroke 
can be varied from 6 to 24 inches. 


D ROOM 


Head room requirements are reduced to as little as 20 inches. Impact 
damage is minimized because discharge lip of feeder is only 6 to 8 inches 
above lowest clearance line of feeder. Initial construction costs are 
reduced. 


ING OR SUSPENSION 


May be installed with either rocker suspension or self-contained rocker 
mounted units. Eliminates costly wear due to friction which is present 
in other types of feeders. No lubrication is needed. Feeder can take 
severe shock loading. 


NATIONAL IRON COMPANY cone 


CHICAGO 51 ILLINOIS 
50th Avenue West and Ramsey Street. Duluth 7, Minnesota 
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IN THIS ISSUE—and the 


ELECTRONIC COMPUTING ACTIVITIES 


The Coal Division of U. S. Steel Corp. has been using 
an electronic computer in a variety of fields. Pro- 
grams have been developed covering statistical 
quality control techniques applicable to washed coal 
production. In addition, the computer has been used 
for the development of production standards; the 
economic evaluation, comprehending price-quality re- 
lationships, of coals of various specifications; the 
processing of coal washability data, and the develop- 
ment of operating plan balances. 


ROCK BOLTING PRACTICES AT HOMESTAKE 


Experience at Homestake demonstrates that rock 
bolting is a valuable means of support for it has 
eliminated much timbering—during 1958 the com- 
pany used over 43,000 bolts. Nearly all development 
headings in loose or broken-up ground can be sup- 
ported with rock bolts in conjunction with steel 
sheets, strips or wire mesh. In large stopes bolting 
has permitted more open cut-and-fill stoping with a 
corresponding decrease in square-set mining. 


EQUIPMENT NEEDS AND TRENDS IN MINING SEAMS 
OVER 48 INCHES THICK 


In the past decade the coal industry has established 
a tremendous record of increased productivity and 
cost reduction, all the result of a rapid evolution in 
mining equipment and management techniques. Be- 
lieving that the past is the best guide to the future, 
the author has closely examined the effect ten years 
of evolution has had on the components of the cost 
of coal production in an effort to determine the most 
likely areas for future cost reduction. 


THE OUTLOOK FOR COMMERCIAL USE OF URANIUM 


The United States, with large high-grade uranium 
reserves has real strength in its ability to supply 
the free world with atoms for power. Spector dis- 
cusses problems to be surmounted in obtaining com- 
mercial nuclear power and gives an appraisal of 
factors that will influence the future course of the 
uranium industry. 


(CONTINUED ON PAGE 5) 
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Roger D. C. Morris began his career with 
U. S. Steel Corp. in Jan- 
uary 1941 as assistant 
industrial engineer for 
the Allentown Works of 
the American Steel & 
Wire Division. He was 
later transferred to Cen- 
tral Operations-Coal as 
district industrial engi- 
neer of the Coal Divi- 
sion’s Frick District. In 
August 1953 he was pro- 
moted to his present 
position of assistant to the vice president, 
Operations-Coal. 


Clarence N. Kravig joined the geology de- 
partment of Homestake Mining Co. in 1929 
following graduation from the University of 
Minnesota. He became assistant mine super- 
intendent in 1940 and mine superintendent 
in 1951. He is a frequent contributor to the 
technical literature and is active on the Un- 
derground Drilling Committee of the Ameri- 
can Mining Congress. 


Edward H. Greenwald is a graduate of the 
University of Pittsburgh. 
Experience includes 14 
years with Boone County 
Coal Corp. as mining 
engineer, chief engineer, 
assistant to the vice 
president, and general 
manager. Since 1956, 
when he joined the firm 
of Eavenson, Auchmuty 
& Greenwald as a part- 
ner, he has become in- 
tensely interested in the 
necessity of sound, objective planning in the 
mining field. 


A recognized world 
authority on nuclear en- 
ergy, Dr. Norman A. 
Spector has over the 
past ten years directed 
the design and erection 
of chemical, metallurgi- 
cal and nuclear facili- 
ties costing almost $1.5 
billion. He is president 
of Vitro International 
and vice president of 
Vitro Corporation of 
America. 
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NORDBERG MACHINERY 


plays important part in the 


The huge Southern Peru Copper Corp. open pit copper mine at 
Toquepala, Peru, is one of the major new mining projects of this 
decade. It is now in production, after more than five years of 
planning and development through the combined efforts of four 
large metal mining companies. Each of these companies have 
used Nordberg Machinery in their far-flung mining operations. 


For, at Toquepala, as in most of the world’s great ore and 
mineral operations, Nordberg Mining Machinery is playing an 
important part in the production of large tonnages of ore at 
low cost per ton. 


NORDBERG 
MANUFACTURING COMPANY 


Milwaukee 1, Wisconsin 


ATLANTA CLEVELAND 
SAN FRANCISCO 


DALLAS 
TAMPA 


DULUTH HOUSTON 
WASHINGTON TORONTO 


©1960, N.M.CO. 


KANSAS CITY 
VANCOUVER 


RODBERG TRACK EQUIPMENT 


An extensive railway system serves the Toque- 
pala mine. Nordberg equipment used in laying 
rail included Power Jacks, Power Wrenches, 
Rail Drills, and a Hydraulic Spike Puller. 


SYMONS 


CONE CRUSHERS 


Six Symons Cones handle secondary and ter- 
tiary crushing at the big Southern Peru Copper 
Corp. plant. Two of these are Standard units, 
and four are of the Short Head type. 


NORDBERG ENGINES 


Five Nordberg 4-cycle diesel-generator units are 
installed at the mine, 10,600 feet above sea level. 
Each of the 8-cylinder Nordberg supercharged 
engines is rated 1830 bhp, 1295 kw at altitude. 


MINNEAPOLIS NEW ORLEANS 
JOHANNESBURG LONDON 


NEW YORK ®# 
MEXICO, D.F. 


ST. LOUIS 
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(CONTINUED FROM PAGE 3) JN THIS [SSUE—and the 
THE WASHING CYCLONE 


The “how and why” of a washing cyclone is spelled 
out in this interesting article. The report is based on 
the considerable amount of work that a major manu- 
facturer has done on the theory and operation of the 
cyclone. Various combinations of feed and overflow 
and underflow orifices have been tested together with 
variations in coal feed sizes, media specific gravities, 
and feed pressures. 


ROCK MECHANICS 


AUTHORS— 


J. P. Matoney, chief engineer, Special Appa- 


ratus Division, Heyl & 
Patterson, Inc., joined 
the company’s research 
and development depart- 
ment in 1948. Since 
then he has been in- 
strumental in the devel- 
opment of many pieces 
of processing equipment 
marketed by the com- 
pany and is credited with 
perfecting the H & P 
washing cyclone circuit. 


Dr. John S. Rinehart is professor of mining en- 


Disturbance of rock in any mining operation pro- 
duces a multitude of reactions, some of which can 
be used to advantage while others raise serious prob- 
lems. The author points out some of the problems 
facing researchers, discusses some of the practical 
values that can come from their studies and describes 
how some of the tools are applied to determine rock 
characteristics that form the basis of experiments. 


THREE PRINCIPLES OF COMMINUTION 


Studies of comminution theory as applied to crush- 
ing and grinding of rock have thus far failed to re- 
veal the correct relationship between useful energy 
input and product particle size from a given size feed. 
The author presents a fresh approach to the basic 


gineering and director of 
the Mining Research 
Laboratory at Colorado 
School of Mines. He has 
studied both here and 
abroad and has had wide 
experience as a research 
scientist spanning a 
period of about 20 years. 
He is currently develop- 
ing a center for gradu- 
ate study and research 
in the field of rock 
physics. 


The originator of the 
Third Theory of Com- 
minution, Fred C. Bond 
is widely known as a 
leading authority in the 


fields of crushing, grind- 


fundamental mineral process which has perplexed 


‘ engineering consultant 
mineral scientists for 100 years. to the Processing Ma- 
chinery Department of 
Allis-Chalmers Manu- 


| facturing Co. 


principles in an effort to throw new light on this | ing and mineral dress- 


VIEWPOINTS ON SAFETY 
PART V—RESPONSIBILITY OF THE MANAGEMENT STAFF 


As director of industrial 
and public relations at 


Safety should be regarded as part of the responsibil- 
ity for profitably running a company and to this end 
management staff should assist in teaching employes 
to work safely by implanting in them correct atti- 
tudes. In addition, management staff should keep 
abreast of the times in areas of labor relations, acci- 
dent costs, selection of supervisors, and pertinent 


the Calumet Division of 
Calumet & Hecla, Inc., 
H. D. Stott is also inti- 
mately concerned with 
the safety program of 
his company, and is a 
past president of the 
Lake Superior Mines 
Safety Council. 


legislation. 


Watch for the September issue which will carry a full preview of 


the 1960 AMC Mining Show, Las Vegas, Nevada, October 10-13 
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PILOT PIPE 


A taconite mining company in Minnesota operates 365 days 
a year, has capacity to produce 7,500,000 tons of iron ore 
pellets a year. 

To produce a ton of taconite pellets requires over 100 
kwh of electric power and 25 tons of water. This plant, at 
its present production rate, pumps a!most 65,000 gallons of 
water a minute. It is utilized so carefully that the make-up 
water requirement is held to less than 5,000 gallons a minute. 

Two large diameter metal pipes lead from the barge 
pumping station to the concentrator. Three 16” U.S. Rubber 
Pilot® Pipe lines connect each pipe with the barge pumps. 
“U. S.” Hose is used because due to rain or snow the barge 


Mechanical Goods Division 


Keeping flow on the go 
despite the ups and downs 


may rise 7 feet or more, or sink as much as 10 feet, straining 
the hose and connectors. 

U.S. Pilot Pipe is extremely flexible, yet very strong. With- 
stands up to 250 lbs. pressure, and extreme temperatures 
ranging to 45°F below zero. The plant cannot operate with- 
out water, hence “U.S.” Hose is the water lifeline. Its de- 
pendability explains why U.S. Rubber is the world’s largest 
manufacturer of industrial rubber products. 

e 
When you think of rubber, think of your “U.S.” Distributor. 
He’s your best on-the-spot source of technical aid, quick 
delivery and quality industrial rubber products. 


United States Rubber 


WORLD'S LARGEST 


Rockefeller Center, New York 20, N.Y. 


MANUFACTURER OF INDUSTRIAL RUBBER PRODUCTS 


In Canada: Dominion Rubber Company, Ltd. 


Page 6 


| 

US 
| : 
j 
at? 
« 
- 
* 
ae 
| 
| 
| 


O-B Designs For Mining Men 


RESULT: 


A 4-way expansion unit that holds 
in soft shale or hard rock 


4-WAY EXPANSION UNIT BUILDS HOLDING POWER FAST .. . because the 
flexible fingers of the shell are slightly pre-expanded to grip the wall even 
before wrenching begins. 
GOES UP FAST AND STAYS PUT. When the bolt is shoved up the hole, the 
expansion unit holds the bolt in place until it’s tightened . . . no need to 
have hands exposed to injury during wrenching. 
GREATER STRENGTH IN HARD TOP .. . BETTER “PURCHASE” IN YIELDING 
TOP ... because the expansion pressures are spread evenly over the four 
shell fingers to make the best use of the entire unit’s strength. These are the 
reasons for the O-B Expansion Unit's popularity with mining men. It is easy 
to understand why more mine roof is supported with O-B Shells and Plugs 
than with any other kind. 

For further information and prices, see your local O-B sales-engineer or 
write us now. Ouio Brass Company, MANSFIELD, OH!0o. Canadian Ohio Brass 
Company, Ltd., Niagara Falls, Ontario. 


EXPANSION SHELLS AND PLUGS + LINE MATERIALS - SAFETY 
AND CONTROL EQUIPMENT + ELECTRIC HAULAGE MATERIALS 
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139,500 000 | 
LOW-COST TONS! 


It is a documented fact that three 
Marion shovels have loaded more 
than 139,500,000 tons for the Mi- 
ami Copper Company in the last 
16 years. 


This evidence of long machine 
life and dependability in con- 
tinuous heavy-duty digging is only 
one side of the story of Marion 
mining shovels. 


Today, new designs, new materials 
and new sizes of Marion mining 
machines are writing new chapters 
of low-cost, dependable efficiency. 


Get the cost and output figures 
—not for just a day, but for 
years — and you will see why 
steady, low-cost tonnage, year 
after year, starts with 


MINING MACHINES BY MARION 


MARION POWER SHOVEL 
COMPANY 


MARION, OHIO 


A Division of Universal Marion Corporation 
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IN LESS THAN TWO YEARS SINCE ITS INTRODUCTION 


—the most impressive acceptance 
ever accorded a new lamp model 
by the mining industry! 


MODEL 


National 


ELECTRIC CAP LAMP 


—and here are the bedrock reasons why: 


A PERFECT SPOT EVERY TIME 

Never before has it been so easy for the miner to get the 
spot he wants. A turn of the switch knob and there it is 
—and right, every time! A perfect, brilliant spot is 
equally obtainable with either of the two full-power 
identical filaments. 


30% MORE LIGHT 

Brighter light than ever, at no increase in battery size 
or weight! The greater light output of the Wheat Na- 
tional is maintained at high levels during and beyond 
the entire working shift as photometer tests prove. 


TRUE AUTOMATIC CHARGING 
. .. and the only true automatic! With the WHEAT 


National Mine 


Koppers Building 


ALABAMA DIVISION 
Birmingham, Ala. 


BEMECO DIVISION 
le . Va. 


Service Company WESTERN DIVISION 


ASHLAND DIVISION 
Ashiand, Ky. 


systems, lamps are charged in self-service racks uni- 
formly and automatically regardless of their individual 
degree of charge or discharge, number of lamps or length 
of work day or week. Each lamp takes only the current 
needed to keep it charged, each lamp can be left in the 
rack for days and cannot overcharge. Every miner gets 
a fully-charged lamp without manual attention. 


SIMPLEST MAINTENANCE FOR LOWEST COST 
Ordinary cleanliness, weekly watering and occasional 
bulb replacement are the simple maintenance require- 
ments of the Wheat National. There are no covers to 
open, no terminals to clean, no valves to free, no cells to 
re-solution, no lamps to rack. Wheats need a minimum 
of manual attention. 


Write for WHEAT Electric Cap Lamp Bulletin No. 593—free on request. 


DISTRIBUTING DIVISIONS: 
ALL-STATE DIVISION 
an, W. Va. 
KY.-VA. DIVISION 
Jenkins, Ky. 
WESTERN KY. DIVISION 
Madisonville, Ky. 
MANUFACTURING DIVISIONS: 
CLARKSON DIVISION 
Nashville, Ill. 


IN CANADA: 


ANTHRACITE DIVISION 
Mt. Carmel, Pa. 
MOUNTAINEER DIVISION 
Morgantown, W. Va. 
WHITEMAN DIVISION 
indiana, Pa. 


GREENSBURG DIVISION 
Greensburg, Pa. 


NATIONAL MINE SERVICE (CANADA) LIMITED, Elliot Lake, Ontario 
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Kolbe wheel moves 3,500 


cubic yards of overburden § 
per hour, discharges load 
more than 420 feet away. 


How Cuba Mine saves on cost of 


lubricating the Kolbe wheel 


Only 9 products to do all lubricating 
jobs on earthmoving giant 
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Cuba Mine management knows how to hold down operating 
costs—including lubrication. Standard Oil lubricants are used 
throughout on the Kolbe wheel. 


Here's how money is saved on lubrication of the Kolbe wheel: 

(1) The best lubricants and greases are used. This means STANDARD 
lubrication breakdowns don’t happen. Thus, idle plant charges | 

are eliminated. Lubricants and greases last longer. So do 

motors and parts. (2) Quality products do more jobs. With You expect more from STANDARD 
only nine products, savings are made in handling and in- errs . 

ventory. There are fewer products to train men to apply and and you get it! 

fewer chances of application mistakes. (3) One source means 
one responsibility for keeping the mine supplied with the oni mation 
petroleum products needed. And from one source mine man- the Kolbe Wheel —_——— 
agement can get responsible lubrication technical assistance, San 


and they can get it in a hurry. Ken McDaniel, the mine’s STANOGEAR Compound Nos. 3,5, 6,8 
Standard Oil man, lives less than 45 miles away. RYKON Grease No. 2, E. P. 

The lubricants and greases that will save you money and the Catumer Viscous Lubricant 
technical assistance to show you how to use them are avail- STANOLUBE HD Moly Grease 

able from Standard Oil. Call our office near you anywhere STANOIt Industrial Oil 

in the 15 Midwest or Rocky Mountain states. Or write INDOIL Industrial Oil No. 15 


Standard Oil Company (Indiana), 910 South Michigan Avenue, 
Chicago 80, Illinois. 


Standard Oil lubrication specialist Ken McDaniel 
(right) checks out lubrication needs with Cuba 
Mine superintendent Cecil Clayberg. This is 
work for which Ken is well equipped. He has 
six years’ experience in such work plus an 
engineering degree from the University of liiinois. 
In addition, he has completed the Standard Oil 
Sales Engineering School. 
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Tuffy Balanced 
Dragline Rope 


The High 1.Q.* Wire Rope Organization 


More and more purchasing agents are 
employing a new concept in buying 
called value analysis. In it the integrity 
of the seller weighs heavily since it as- 
sures maintenance of uniformly high 
product quality. 


Advanced procedures and equipment in 
Union’s foremost laboratory enable our 
technicians to determine the life expect- 
ancy of wire ropes. Much of the time 
of our engineers is spent in the field 
checking to see that Union wire ropes 
live up to or exceed predetermined life 
expectancy rating under varying oper- 
ating conditions. 


Tuffy Wire Ropes and Slings Are Tailored For Tough Jobs 


Tuffy Balanced 
Scraper Rope 


* Integrity — Quality 


In living with wire ropes and slings 
from the cradle to the grave, our engi- 
neers found new constructions were 
necessary. On many of the tougher jobs 
the life expectancy of standard wire 
ropes of the highest quality was too 
short. To equip the machines handling 
these tough jobs with the ultimate low 
cost wire rope and slings, Union devel- 
oped the Tuffy family. Each member is 
a special construction tailored to fit a 
special purpose. For many years Tuffy’s 
ultimate low cost wire ropes and slings 
have helped battle the rising cost of 
operation. 
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Tuffy Balanced 
Dozer Rope 
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New steels are 
born at 
Armco 


Wire ropes travel hundreds of ton-miles on rotary oil drilling rigs lifting 
and lowering drill pipe and tools out of and into the hole. On the 
world’s deepest oil well Tuffy Rotary Line handled the longest string 
of well casing ever run. The final live load totaled 700,000 Ibs. 


Tuffy Balanced 
Slings and 
Hoist Lines 


Union Distributors Are 
Selected On High 1. Q. 
Standards 


They know from experience that they 
can serve you with quality backed by 
integrity and enjoy a high expectancy 
for your repeat business. Look up your 
Union Wire Rope distributor in the 
yellow pages of your phone book. He is 
coached in helping you before and 
after the sale. Backing him up is an 
expert staff at a nearby Union Wire 
Rope branch office and warehouse. 


Tuffy,» Tips 


TTT 


Wire Rope is a “Machine” 
of Moving Parts 


+..and every part must fight destructive 
forces! A “look inside” a section of wire rope 
reveals a precision assembly of working parts. 
They are subjected not only to external and 
internal stresses, but also to heavy surface 
pressures and abrading. All these forces may 
be sustained while the rope is running at 
high speeds, and abruptly changing direction. 
That’s why different uses require different 
constructions of wire rope. 


How to Measure 
Rope Diameter 


Right Way Wrong Way 
There's only one right way: Use machinist’'s 
calipers, and be sure to measure the widest 
diameter. A slight shift of the rope in the 
calipers (shown at right above) might cause 
ordering an undersize rope. 


How to Measure 
Tread Diameter 


Tread _,| 

Diomerer 

Easy, and important. Select the smallest 

sheave or drum to be used with the new 

wire rope, and measure actual diameter at 

lateral center (shortest dimension) of tread. 


Would you like a copy of a booklet in which 
more than a score of Tuffy Tips fike those 
above are reproduced. If so, write Union Wire 
Rope Corporation, ..44 Manchester Ave., 
Kansas City 26, Missouri. 


Subsidiary of ARMCO STEEL CORPORATION 


OTHER SUBSIDIARIES AND DIVISIONS: Armco Division + Sheffield Division + The National Supply Company 
Armco Drainage & Metal Products, Inc. + The Armco International Corporation + Southwest Steel Products 
9 
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OLD BEN mine no. 21 


PREPARATION PLANT 
Designed, Engineered and Built by | 
ROBERTS & SCHAEFER | 


© 


Roberts & Schaefer’s engineers, in cooperation with the Old Ben engineer- 
ing staff, designed the preparation plant at Mine No. 21 to incorporate the 
industry’s most advanced techniques for efficient and economical handling 
and cleaning of coal. This modern new plant will help the Old Ben organi- 
zation produce large tonnages of low-sulfur metallurgical coal so urgently 
needed by coal-using industries in the Middle West. 


ENGINEERS & CONTRACTORS 


ROBERTS & SCHAEFER 


DIVISION OF THOMPSON-STARRETT COMPANY, INC. 


201 NORTH WELLS STREET, CHICAGO 6, ILLINOIS 


NEW YORK 19,N.Y. ¢ PITTSBURGH 22,PA. » HUNTINGTON 10,W. VA. © ST. PAUL 1, MINN. 
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How far will a Yieldable Set yield? 


In any discussion of the Yieldable Arch or Ring, the 
question is invariably asked: How far will the Arch 
yield? Answer: It is not unusual to have a Yieldable 
Arch set yield until the legs almost touch each other 
at the center. 


Gives Ground Chance to Settle 


That’s the whole point of the Yieldable Arch; it is 
normal for the joints to yield. It’s the old technique of 
letting the enemy beat himself. By gradually “‘giving”’ 
under excessive pressures, the Arch gives the overbur- 
den a chance to settle into a natural arch of its own, and 
thus bring forces into equilibrium. As soon as stability 
is reached, the Yieldable Arch holds the line. A set of 
Arches consists of curved, U-shaped sections nested 


BETHLEHEM STEEL 


together and overlapped enough to permit clamping 
with two U-bolt clamps at each joint. The clamps con- 
trol the degree of tightness, and permit yielding when 
the forces exceed the load for which the joint was in- 
tended. Each Yieldable Arch set is tied to adjoining 
sets by means of horizontal struts, which add lateral 
rigidity to the structure. 


Usually Pays for Itself in a Year 


Besides increasing mine safety, the Yieldable Arch offers 
high salvageability, and usually pays for itself within its 
first year of service. A Bethlehem engineer would like to 
discuss the application of the Arch to your roof problems. 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 


Export Distributor: Bethlehem Steel Export Corporation 
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For Best Results in High-Vein Roof Bolting 


ACME MACH 


j 


INERY 


COMPANY 


The ACME (Model HSHL-4B) HI-LIFT is an innovation in modern mining 
technique designed to facilitate roof control in high-vein mining operations. 
The ACME HI-LIFT is a four-wheel drive, tractor type steering, unit with 
an elevating drilling deck on which are mounted two traveling and traversing 
Le Roi $12VT Nu-Matic stopers. The elevating platform enables the operator 
to work at the most convenient height for greatest efficiency. The stopers move 
on a traveling rail thereby permiting drilling at virtually any spot on the 
platform. The drills are of the integral dust collecting type and the dust 
collectors are mounted beneath, and on the sides of, the platform. Safety 
timbers can be placed between the platform and the roof to afford protection 
to the operator from roof slabbing and falls. The platform will support a 
30,000 pound weight and can be tilted 15 degrees front to back. In addition 
the ACME HI-LIFT has four leveling jacks with an effective stroke of 10” 
for leveling in bad bottom or on high grades. Two complete sets of controls 
are furnished as standard equipment, one being on the platform and one on 
the tramming deck. A powerful 40 HP motor drives the complete hydraulic 
system for the unit. 


ACME BUILDS A DRILL RIG TO SUIT YOUR MINING CONDITIONS 


ACME MACHINERY COMPANY 


HUNTINGTON, WEST VIRGINIA 


WAREHOUSE AND SALES OFFICE REPRESENTATIVES IN PRINCIPAL 
MORGANTOWN. W. VA. MINING AREAS 
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Save motor repair time with silicone rubber coils from National 


... The Specialists in electric coils[repair service 


When rewinding motors—particularly those in wet, 
abrasive or conducting-dust applications— consider the 
advantages of silicone rubber insulation. Silicone rubber 
is resistant to water and chemical fumes and is tough 
and abrasion resistant. 


When you order silicone rubber insulated coils from 
National, you'll enjoy these general advantages of 
longer life and reduced maintenance—plus these special 
National features: 


— National custom makes each coil to exact dimen- 
sions, thus ensuring easy installation and eliminating 
the need for slot liners. 


— National uses silicone rubber for insulating the con- 
nections so there are no weak points in the system. 


Get National’s recommendations. Since we either 
make or use all types of insulation, our recommendations 
are impartial—based solely on what’s best for your ap- 
plication. For more information, call our Columbus plant, 
HUdson 8-1151, or the nearest National field engineer. 


ris, 


(mamas! f DIVISION OF McGRAW-EDISON COMPANY ¢ COLUMBUS 16, OHIO 


—~ National Electric Coil 


Insulating of connections with silicone rubber insulation. 


Electrical Engineers « Manufacturers of Electrical Coils, Insulation, Lifting Magnets t) 
Redesigning and Répairing of Rotating Electrical Machines os 
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LIGHTWEIGHT COST 
HEAVYWEIGHT 


equale PRODUCTION 
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| 


for either 4 
AC or DC 


16” WIDE CRAWLER 


The new crawler with heavy- 
duty gearing can operate the 
OPERATOR'S PLATFORM miner on steep grades and also 
Compact and convenient hydraulic float on soft bottom. 
and electrical controls are within Less than 25 P.S.I. ground 
easy reach of the operator. Throttle pressure. 


valve precisely controls the speed of 
all hydraulic operations as well as 
providing “deadman” control. 


GATHERING HEAD 


The exclusive “dual gathering-arms” provide maximum 
reach and much better flow to the conveyor. 
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power-smooth 
cutter-action 
that cuts 42” 
to 120” seams and 
gathers loads 

as fast as they 
are cut 


CUTTING HEADS 


New “Rap-Lok*” Cut- 
ter Bits, spaced evenly 
around cutter rim, pro- 
vides smooth, vibration- 
less performance. Ex- 
tremely quick ‘‘bit 
change’’—no set screws— 
long bit life. 


*Trade Mark of The Cincinnati Mine 
Machinery Co. 
Lee -Horwse Company 
| 
CHARLEROI, PENNA. 
Specialists in Coal Mining Equipment 


Coal high or low?... Sfee-foue MINERS keep production on the go! 
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FOR THE LONG PULL... 


H-R Idlers Do the Job 


- 


| LAU 


IDLERS 
SPEED REDUCERS 


CONVEYOR BELTING 


Iron ore begins the steep, long climb from min- 
ing pit to steel plant on this Hewitt-Robins con- 
veyor system at a mine in northern Minnesota. 
H-R idlers used on this and other conveyor 
systems provide: 

e One-Shot Lubrication— Application of grease 
gun at one grease fitting properly lubricates all 
six bearings through a single system. No vul- 
nerable external piping. 

e Rigid Truss Construction — Channel base, mal- 
leable iron brackets, shafts, and idler rolls as- 
sembled with truss-like construction in order to 


equalize carrying load with minimum deflection. 


e Narrow Gaps — Smallest separation between 
idler rolls provided by any major manufacturer 
prevents costly damage to conveyor belting 
caused by pinching or squeezing as a loaded belt 
is carried over the rollers. 

The same top quality that you'll find in 
Hewitt-Robins belt conveyor idlers is built into 
all H-R equipment for the mining industry. For 
full details consult your H-R representative, or 
write Hewitt-Robins, Stamford, Connecticut. 
Ask for Bulletin 5-17. 


THE NAME THAT MEANS EVERYTHING IN BULK MATERIALS HANDLING SYSTEMS. 


CONVEYOR BELTING AND IDLERS - INDUSTRIAL HOSE - VIBRATING FEEDERS, SCREENS & SHAKEOUTS - POWER TRANSMISSION EQUIPMENT 
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immediate delivery on USS Grinding Balls We can ship immediately 
from stock as requested a range of sizes from 34” to 4” in USS Carbon-Manganese and 
USS Alloy Steels. Here are three reasons why USS Grinding Balls should be specified : 


Maximum hardness combined with superior toughness. Deeper hardness penetration 


achieved by careful combination of chemical composition and heat 


| ~ 1] | treatment. Uniform roundness from ball to ball, load to load, for 
3st ||| ]] less wear and superior performance. If you have a delivery, per- 
< 20) : 
= 0 _|_|_|| formance, or selection problem, call our nearest Sales Office or 


© *,oreanvoume | United States Steel, 525 William Penn Place, Pittsburgh 30, Pa. 


USS ts a registered trademark 


United States Stee! Corporation — Pittsburgh 
Columbia-Geneva Stee! — San Francisco 


f| Tennessee Coal & iron — Fairfield, Alabama 
4 United States Stee! Export Company 


This mark tells you a product is made of modern Steel. United States Steel 
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Pre-Engineering by KAISER ENGINEERS 
answers basic plant expansion questions... 


4 
& 
f 
\ 
~~ 


i imely? Many complex factors shape the final decision to proceed with your expan- 


sion plans...and timing is an important one. Independent analysis of all aspects of your proposed 
program is the Pre-Engineering service offered by Kaiser Engineers. The studies and evaluations 
furnished by KE Pre-Engineering represent only one phase of total KE services. Kaiser Engineers 
is an experienced designer and builder of all types of facilities for the Minerals industry. From 
Pre-Engineering through design and construction, Kaiser Engineers provides complete, one- 


company service and ingenuity based on years of experience. 


KAISER ENGINEERS K Al Ss te N G N engineers -contractors 
as E R Ss Contracting since 1914 
Oak'and 12, Calif. — Chicago, New York, Pittsburgh, Washington, D.C. 


Accra, Suenus Aires. Montreal, Ne-., Delhi. Rio de Janeiro, Sydney, Vancouver, Zurich 
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Crawler-Loaders 


GENERAL SPECIFICATIONS 
ne Bee i Rated Capacity T.P.M. 10 10 10 18 
Tram Height 25” 32” 36” 43” 48” 
Tram Speed D.C. 137 137 137 160 
Tram Speed A.C. 85 85 85 160 
ag Gathering Arm Speed—R.P.M. 55 55 55 53 
; Conveyor Chain Speed—F.P.M. 372 372 372 360 
No. & H.P. Gathering Arm Motors (D.C.) 2-15 2—15 2—15 2—25 
No. & H.P. Gathering Arm Motors (A.C.) 2—20 2—20 2—20 2—33 
heig nt No. & H.P. Conveyor Motors (D.C.) Uses Gathering Arm Motors 2—10 
. é No. & H.P. Conveyor Motors (A.C.) Uses Gathering Arm Motors 2—20 
F No. & H.P. Tram Motors (0.C.) 2-15 2-15 2-15 2-25 
cht for which designed. No. & H.P. Tram Motors (A.C.) 2-20 2-20 «2-20 233/825 
This assures proper clearance for H.P. Pump Motor—A.C. or D.C. 4 4 4 8 
lumps and convenient height of Weight in Ibs. approx. 21000 21000 21000 38000 


controls for the operator. 


Voltages: Loaders can be built for operation on any of the following voltages: 
250 or 500 V, DC; 440 V, AC, 3-ph., 60-cy, 415 V, AC, 3-ph., 50-cy. 


power 


Available for direct current or alternating 
current power. Liberal size motors. 


capacity 


Jeffrey Loaders are setting high 
tonnage records with low maintenance 
cost and very little down time. 
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Get complete information 
Call or write your nearest Jeffrey District Office. 


THE JEFFREY MANUFACTURING COMPANY 
958 North Fourth Street « Columbus 16, Ohio 


MINING e CONVEYING e PROCESSING EQUIPMENT...TRANSMISSION 
MACHINERY...CONTRACT MANUFACTURING 
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THE DIFFERENCE SHOWS UP 
IN PERFORMANCE 


Why not test Kennametal Bits in YOUR mine? 


Just say “when”... and we'll bring the bits! 


At your convenience, we’d like to talk with you about scheduling 
a demonstration of Kennametal Bits in your mine. 

Once arrangements are completed, a Kennametal Representative 
views the underground conditions at your mine and recommends 
the Kennametal Bit that will produce the most efficient results. 

At the time of your choosing, Kennametal provides the bits and 
helps with their installation. During the demonstration, the 
Kennametal Representative remains at your mine to assist in every 
possible way. Later, he reviews the test data with you. 

We know the results will be good. But we want you to judge for 
yourself. You can’t compare bits on price alone . . . the difference 
shows up in performance. 

Why not see for yourself? Call your Kennametal Representative 
or contact us direct. KENNAMETAL INc., Mining Tool Division, 
Bedford, Pa., Phone Bedford 755. 


INDUSTRY AND 


KENNAMETAL 


33515 
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You have nothing to lose! 
This demonstration does not 
cost you anything extra. If the 
results prove favorable (and 
you are the judge) then you 
pay for the bits used. . . . If the 
demonstration does not favor 
Kennametal, you only pay for 
the bits at your former average 
bit cost. Regardless of the re- 
sults... you pay no more than 
your present bit cost. Any sav- 
ings we produce for you over 
your present average bit cost 
are clear profit for you. 
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Editorials 


MINING CONGRESS JOURNAL 
ROBERT W. VAN EVERA, Editor 
August 1960 


A Golden Anniversary 


Fifty years ago July 1 the U. S. Bureau of Mines was 
established by the Congress of the United States. We view 
this Golden Anniversary with particular pleasure, as the 
American Mining Congress led in the fight to establish a 
Federal Bureau of Mines. 

In briefly reviewing the Bureau’s accomplishments, it 
can readily be seen that the cause was worthy. During the 
ten years before the Bureau began its work, major coal 
mine disasters were claiming the lives of 364 miners a 
year. The average yearly disaster toll now is 32—still too 
high, but a better than ten-fold improvement nonetheless. 

The Bureau of Mines has concentrated on accident re- 
duction and improved health conditions in all types of 
mines. Its persistent work in safety education, first aid 
and mine rescue training, along with the safety programs 
of the mining companies themselves, has been a major 
force in the continuing reduction of accident frequency 
and severity that has characterized the entire industry. 

Productive research in mining, metallurgy and fuels tech- 
nology has added tremendously to the knowledge of those 
concerned with developing our mineral resources. For in- 
stance, Bureau scientists have played a prominent role in 
providing the nation with new metals such as zirconium, 
hafnium and titanium—whose special properties are vitally 
needed for our industrial and military might in this space 
age. They have demonstrated the feasibility, if not the 
economics, of mining oil from shale and the hydrogenation 
of coal. In joint efforts with the U. S. Geological Survey, 
the Bureau’s mining and geological engineers have under- 
taken extensive exploration resulting in the discovery of 
commercial deposits of ores such as copper, lead, zinc 
and tungsten. 

Over the years the Bureau has made many contributions 
to mining progress. It pioneered the technique of rock 
dusting, and made comprehensive studies to establish 
permissibility standards for explosives and underground 
mechanical and electrical equipment. Mine operators are 
familiar with the Bureau’s part in the “rock bolting revo- 
lution” and in the development of reinforced and _pre- 
stressed concrete supports—not to mention its more recent 
studies of numerous subjects such as hydraulic under- 
ground mining and rock mechanics. 

The Bureau’s program of supplying statistical data and 
economic analyses of domestic and foreign minerals has 
made available information of great value in appraising 
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trends and evaluating the future of mineral enterprises. 

These are but a sampling of the Bureau’s many achieve- 
ments but they do highlight a few of the benefits that have 
accrued to the mineral industry. 

Changes in the industry have been manifold since 1910 
and it is to the credit of those who have so ably guided 
the activities of the U. S. Bureau of Mines that it has kept 
constantly abreast of these changes—at the same time al- 
ways advancing the original goals set forth by Congress 


50 years ago. 


For a Closer Look at Mining 


The eyes of the mining world are being focused on Las 
Vegas—where the Metal Mining-Industrial Minerals Con- 
vention and Exposition of the American Mining Congress 
will be held October 10 to 13. 

Las Vegas’ new $5,000,000 Convention Center offers un- 
surpassed facilities for the largest “Mining Show” ever 
held. All types of mining, quarrying, and mineral treatment 
machinery and equipment will be exhibited by some 200 
leading manufacturers. These exhibits, combined with the 
convention sessions on both policy and technical problems, 
afford a liberal education in “what's new” in the mining 
industry. 

For full details, see our “preconvention issue” next 
month, Meanwhile, make your plans to be on hand when 
the Mining Show opens its doors on October 10. 


Coal Research 


With President Eisenhower's signature on July 7 of the 
Act establishing an Office of Coal Research, a bill that had 
held the close attention of the mining industry finally be- 
came law. While we do not want to fall into the trap of be- 
lieving that research will provide a panacea for all of 
coal’s problems, it seems reasonable to believe that a Fed- 
eral research program can contribute a great deal to the 
industry and to the nation, 

Much has been said of the small amount of money spent 
by the coal industry on research when compared to that 
spent by certain other industries. The plain fact is that 
most coal companies do not make enough money to plow 
any sizeable amounts back into research. And anyone who 
is acquainted with the high degree of competition that 
exists in the coal industry doesn’t expect that the situation 
will change much in the near future. 

The new Coal Research Program, which calls for the 
sponsoring and promotion of research in schools, research 
organizations and government agencies, will help to remedy 
this situation. By coordinating the research work of vari- 
ous groups and by allotting money for research projects 
under the guidance of an industry technical advisory com- 
mittee, the Office of Coal Research can “develop new and 
more efficient methods of mining, preparing and utilizing 
coal,” the goal set forth in the Coal Research Act. 
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By R. D. C. MORRIS 


Assistant to the Vice President 
Operations-Coal 
U. S. Steel Corp. 


N the interest of obtaining opti- 

mum coal quality and consistency 
of product, a new tool known as sta- 
tistical quality control has been in- 
troduced to the coal operations of 
U. S. Steel Corp. The function of the 
statistical quality control technique is 
to indicate when significant quality 
changes have occurred to the washed 
coal products as measured from ac- 
cepted quality standards. This is made 
possible through the use of a 650 
digital computer which gives the in- 
formation with great rapidity so that 
positive and timely decisions can be 
made concerning the operation of 
coal washers, the blending of coals, 
and the burdening of blast furnaces. 

Through analysis of washed coal 
quality requirements it has been de- 
termined that quality data should be 
made available reflecting daily, week- 
ly, and monthly performances against 
accepted standards for moisture, ash 
and sulphur. Various statistical tests 
are performed on the data, which re- 
sult in an indication of whether the 
analyses are consistent for practical 
purposes, or significant departures 
are being experienced for which posi- 
tive corrective action must be taken. 


Bias and Unbias in Statistical 
Analysis 


The development of these quality 
control reports is of much interest, 
and this article will review the the- 
ories behind the calculations so that 
there will be a general understanding 
of the interpretation of the statistical 
results. 

First, a definition of two terms 
will be in order—‘unbiased” and 
“biased”—which refer to the data 
that will be subjected to statistical 
analysis. The meaning of “unbiased” 
can be gained by visualizing a coal 
washer receiving over a considerable 
period of time a raw coal feed that 
is reasonably consistent as far as 
mix, size and quality are concerned; 
also, operation of all of the washer 
facilities is constant. A product that 
is produced under these conditions 
would be considered as having been 
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Flectronic computer aids 


large coal producer 


In the: 


* Introduction of statistical 
quality control 

* Development of production 
standards 

* Evaluation of the price- 
quality relationships of 
coals of various specifica- 
tions 

* Processing of coal washa- 
bility data 

* Development of operating 
plan balances 


produced under unbiased conditions, 
and the analyses that are made of the 
samples would follow a normal dis- 
tribution pattern. Sixty-eight percent 
of the analyses would fall in the area 
on each side of the mean; a cumula- 
tive 95 percent would fall in the first 
two areas on each side of the mean; 
and a cumulative 99.8 percent of the 
analyses would fall in the three areas 
on both sides of the mean. 

The distribution of the sample re- 
sults of unbiased data that the writer 
has reviewed results from the fact that 
there are, under accepted industrial 
sampling procedures and analysis, in- 
herent errors that affect the resultant 
data. By inherent errors, the author 
means lack of precise accuracy to 
which any industrial analysis is sub- 
ject, and the term should not be in- 


terpreted as meaning mistakes. 

Now, on the other hand, biased 
data would result from changes in 
mine mix, washability characteristics 
or quality of the raw coal feed and/or 
changes in the washer processes 
within a sampling period. The sample 
results of coal produced under these 
considerations would not necessarily 
result in analyses following a normal 
distribution curve. Unbiased data re- 
sults in one type of distribution of 
sample analyses, while biased data 
would result in a different type of 
distribution. (The term “biased” is 
used in this reference to describe an 
operation or testing procedure that 
has been performed under _non- 
standard conditions, and is not the 
ASTM definition, which defines bias 


as a systematic error that is con- 
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sistently positive or negative. ) 
Thus, there are two forces at work 
in the distribution of sample results. 
This is true not only of coal washers 
but of any commercial or industrial 
operation. In one case the sample 
results have a predictable distribu- 


tion for identical products, and in 
the other case the distribution of re- 
sults is affected by a non-standard 
mix of coals, operation of the washer, 
sampling procedures, or many other 
possible deviations from standard. 
Thus, when one observes the distri- 
bution of sample data, one cannot be 
sure whether the results are repre- 
sentative of identical product or the 
result of non-standard operating con- 
ditions unless one resorts to statisti- 
cal analysis. Recognizing the fact 
that one would expect to find vari- 
able sample results for identical 
product, one may be tempted to as- 
sume that a shipment is not off stand- 
ard when in reality it is. Making such 
an assumption is not justified unless 
statistical analysis indicates that the 
variation of sample results is within 
the predictable or expected distribu- 
tion of results for identical product. 
In other words, one would be con- 
siderably safer to statistically deter- 
mine whether the variation from the 
accepted standard is significant or 
not significant. Statistical quality 
control techniques seek out and sepa- 
rate the unbiased results from the 
biased. 


Standard Deviation—A Measure 
of Distortion 


In the application of the quality 
control program for U.S. Steel’s Coal 
Division, certain basic quality and 
quantity data and various indices are 
required on a daily, five-day and 
monthly basis. Within each of these 
time groups the application of the 
quality control techniques will in- 
corporate the tons of coal; total num- 
ber of units—barges, railroad cars; 
and the averages for ash, sulphur, 
moisture and coking test as deter- 
mined from accepted ASTM sampling 
procedures. From these data will be 
developed statistical measures of 
quality performance. These measures 
are reflected in such calculations as 
standard deviation; conformity of 
current sample analyses for ash, sul- 
phur and moisture around standard 
means; “t” test; “F” test; and co- 
efficient of variation. 

The calculation of the standard de- 
viation is a calculation that is also 
involved in the remaining statistical 
tests. It is calculated by use of the 
formula given in figure 5. Standard 
deviation is a measure of the distor- 
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RAW COAL HANDLING 


CLEANING PLANT 


Figs. 1 and 2. The 
coal washer (above) 
receives a raw coal 
feed that is reason- ia 
ably consistent as 
far as mix, size and 
quality are con- 
cerned; in addition, 
operation of all of 
the washer facilities 
is constant. In this 
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tion of sample results around a mean 
and is sometimes called “scatter.” 
Actually, it is not too difficult to visu- 
alize. It can be shown that the sample 
results of unbiased data (see figure 
2) will be distributed around a mean 
in such a manner that 68 percent of 
the results will fall within plus or 
minus one standard deviation unit, 
95 percent will fall within plus or 
minus two standard deviation units, 
and 99.8 percent will fall within plus 
or minus three standard deviation 
units. Based on this hypothesis, it is 
also concluded that analyses resulting 
from unbiased coal samples will fol- 
low this distribution when the sam- 
pling is performed according to 
ASTM specifications. If they do, man- 
agement has assurance that any vari- 
ation in sampling results is probably 
due to the inherent error in the ac- 
cepted sampling procedures and that 
the entire day’s, week’s, or month’s 
production can be considered to be 
at the standard current mean value 
for ash, sulphur or moisture. If the 
sample results do not follow the nor- 
mal distribution, there is reason to 
believe that significant variations are 


taking place, and the consistency of 
the product is subject to question. 
Suppose, for example, that the fact 
has been established that the distri- 
bution of current sample data falls 
within the normal distribution around 
the current mean. Actually, this is 
not enough information to tell man- 
agement that its product has a homo- 
geneous consistency on a continuing 
basis; that is, from day to day, week 
to week and month to month. There- 
fore, it is necessary to have a means 
of determining the relationship of 
current sample data to some standard 
distribution around a standard mean. 
As used in this description, the word 
standard should not be confused with 
standard analyses or specifications 
that are built into the cost system. 
Rather, U.S. Steel is interested in the 
consistency of the actual product that 
is being shipped. Thus, for compari- 
son purposes with current data, it 
has been determined that the previ- 
ous month’s actual results should be- 
come the standards for the current 
month. Of course, should there be 
an adverse trend during a month, the 
results of the month would have to be 
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Figs. 3 and 4. Biased data would result from changes in mine mix (above), washability 

characteristics or quality of the raw coal feed and/or changes in the washer processes 

within a sampling period. The samole results of coal produced under these considera- 

tions would not necessarily result in analyses following a normal distribution curve, 

but one might get a distribution (below) similar to the one that is superimposed on the 
normal 


FREQUENCY 


— 


ME 


AN 


% OF INGREDIENT 


adjusted to reflect more representa- 
tive standards. Thus, the analysis of 
the distribution of current sample 
data is made in relation to last 
month’s means and standard devia- 
tions (see figure 6), and from such 
a comparison one can recognize sig- 
nificant trends. 

For example, the monthly perform- 
ance figures for sulphur in table | 
show only 76.84 percent of the ex- 
pected number of occurrences fell 
within plus or minus one standard 
deviation unit from the mean. That 
is, only 76.84 percent of the expected 
68 percent or 52 percent of the ob- 
servations fell within plus or minus 
one standard deviation unit, 89.31 
percent fell within plus or minus two 
standard deviation units and 98.63 
percent fell within plus or minus 
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three standard deviation units from 
the mean. When measured against 
the previous month’s performance, 
the current month shows obvious 
variability. 

Further statistical tests will tell 
management more about this depar- 
ture from last month’s results. These 
tests are necessary to completely re- 
late the facts. The company would 
like to know what is happening to 
its averages or current mean values 
for ash, sulphur and moisture when 
compared to last month, and it would 
also like the facts concerning the 
standard deviations in the two pe- 
riods. Were the company to use 
standard deviation only, it would 
know nothing about the significance 
of a change in mean values from 
month to month. As shown in figure 


7, the shape of the two curves indi- 
cates identical standard deviations, 
while the mean values are signifi- 
cantly different. 


Testing Plant Variations and 
Conformity 

Conversely, were the company to 
use mean values only, it would have 
no knowledge of the significance of 
variability. As illustrated in figure 8. 
the shape of the two curves indicates 
identical mean values, while the vari- 
ability in the one case is normal and 
in the other is quite biased. 

Taking the problem of the current 
versus the standard mean values first, 
management wishes to determine 
whether an observed difference be- 
tween the standard daily, five-day, 
and monthly means and the current 
means for the same time periods are 
significant. That is, do these differ- 
ences indicate a real change in the 
average analyses for ash, sulphur, and 
moisture, or are the observed varia- 
tions within expected tolerances. 

To make these determinations, a 
statistical test called the “t” test is 
utilized (figure 9). The purpose of 
displaying this formula and_ other 
formulae is not to follow the mathe- 
matics involved, but to give the reader 
an idea of the type of calculations 
that can be handled with ease by a 
650 computer. All the formulae that 
are displayed are handled within a 
single program with results calcu- 
lated in five minutes for a day’s pro- 
ductivity data from-one washer. 

Continuing with the discussion of 
the “t” test, the calculated values of 
“t” are referred to appropriate tables 
to determine, for the number of ob- 
servations or sample results involved 
whether the observed differences are 
significant or not significant (table 
Il). Generally speaking, significant 
changes in the ash, sulphur and mois- 
ture are reflected in relatively large 
values of “t”. These values of “t” 
mean that the average has changed 
significantly, which is not surprising 
in light of the result of the current 
distribution of individual samples 
around the previous month’s mean. 
Thus the company has established 
that in addition to excessive sulphur 
variability in comparison with last 
month’s results, there is also a signifi- 
cant change in the average sulphur 
between the two periods. 

The calculation of the “F” test 
comprehends the use of variance (fig- 
ure 10) which is the sauare of the 
standard deviation. The “F” test (fig- 
ure 11) in effect measures the degree 
of conformity of the current standard 
deviation results with the standard 


MINING CONGRESS JOURNAL 


| 
| 


Table |. Percent distribution by standard deviation units (per- Table II. Current average analyses and the “t” test. Gener- | 

formance). Note how the current month shows obvious vario- | ally speaking, significant changes in the ash, sulphur and 

bility when measured against the previous month’s perform- moisture are reflected in relatively large values of ‘’t’” 

ance. For example, referring to the monthly performance . 

figures for sulphur, only 76.84 percent of the expected num- 

ber of occurrences falls within plus or minus one standard 
deviation from the mean Date 


Cur- 
Coal Total T rent 
Type Barges “Y® Error 
} 


‘Standard Deviation Units 9,,, Under | 
3 


Daily Moist. 5/18/59 1 19 17,466 7.57 2.55- 
#2 +3 | Daily Ash 7.35 0.56 
Daily Moist. 92.51 104.77 100.27 | | Daily Sulp. 1.72 7.35 
Daily Ash 131.06 104.77 100.27 
5 Day Moist. 98.11 104.77 (100.27 | | 5 Day Sulp. 
5 Day Ash 122.99 100.81 100.27 
5 Dav Sulp. 74.62 87.9 98. Month Moist. 122 112,153 7.70 3.15- 
Month Ash 718 5.50- | 
Month Moist. 91.25. 100.27 Month Sulp. 
| Month Ash 117.66 99.61 100.27 
| Month Sulp. 76.84 89.31 98.63 2 vai 7 
deviation results of the previous 
a In other —, the ag ong Table III. Statistical tests on current average analyses. A value of one for the “F” test 
has a measure of the degree of cur- indicates that there has been no change in degree of variability 
rent variability of its product around ohess 
current means when compared with | _— Cur- Cocff 
the degree of last month s variability Date Coal Total von. Ave. rent Stand. oe os 
around last month’s means. A value Type Barges Error Dev. Rat. Var. 
of 1 for the “F” test indicates that e” Test “F” Test 
there has been no change in degree 
of Table chows a value Daily Moist. 5/18/59 19 17,466 7.57 2.55- 0.47 0.81 6.14 
Daily Ash 7.35 0.56 0.15 0.59 2.09 
of ] for sulphur for the monthly I Daily Sulp. 1.72 7.35 0.03 0.68 1.93 
t test, which means there is no more — 
variability than last month, but when 5 ved 106 -97,467 ons 
interpreted in light of other informa- > Day Ash 
tion that the company has gained, it | 
knows that the variability is around Month Moist. 122 112,153 7.70 3.15— 055 0.90 7.13 
an entirely different mean value. The Month Ash 7.18  5.50- 0.18 0.51 2.50 
results of the statistical analysis con- Month Sulp. 169 8.38 0.05 1.00 2.87 
cerning sulphur indicates that cor- 
rective action should be taken to 
store the sulphur content of the 
washed coal to an acceptable level. 
The coefficient of variation (figure 
12) is the percentage that the stand- | SS : a 
— — os rs the ngs — Table IV. Statistical tests on current average analyses. From figures such as the coeffi- 
= Thie ethic! |, cient of variation, operating management can set additional standards of operating 
moisture. is coeticient 1s an in- performance 
teresting figure in that it is indica- _ 
tive of the tolerances within which — Cur- Cocff 
washer practices are operating. For Date Total pons Ave. rent Stand. 
example, table IV shows that the Type Barges Error Dev. Rat. Var. 
monthly coefficient of variation for v” Test “F” Test 
tive of one washer. This means that 5/18/59 1 19 17,466 735 ose 2.09 
t the standard deviation of moisture Daily Sulp. 172 735 0.03 068 193 | 
samples is 7.13 percent of the mean. ae | 
At another washer in an entirely dif- 5 Day Moist. 106 97,467 7.72 -2.86- 0.50 0.86 a 
ferent location, the comparable figure 5 Day Ash 
is 9.78 percent and at a third washer 5 Day Sulp. . . ‘ : 2. 
3.78 percent. There is far less spread Month Moist. 122 112,153 7.70 3.15- 055 0.90 7.13 
in moisture samples at Washer No. 3 Month Ash 7.18 5.50- 0.18 0.51 250 | 
than at either of the other two. Again, Month Sulp. 169 838 0.05 100 2.87 
referring to the table, note that the aie | 
coefficient of variation for ash is 2.50 -—- 


percent and for sulphur 2.87 percent. 
These results indicate that there is 
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vs. 
| Fig. 5. Standard deviation formula | STANDARD DISTRIBUTION 
x2 | FREQUENCY 
$=4/——— 
n-1 
\ 
Note: The above formula was used in this discussion / \ 
because of its simplicity and ease of understanding. / 
The actual formula that is built into the 650 computer / \ 
program is as follows: Ff \ 
n wp? (3S wp)? 
>. 
| — ~ 
| Where: 


n=number of sampling units 


w=sum of the weights of the sampling units 


XS wp =sum of the products of the weights times 
the lab values for each sampling unit 


Fig. 6. The analysis of the distribution of current sample data 
is made in relation to last month’s means and standard devia- 
tions. From such a comparison, significant trends can be 


> wp? = sum of the products of the weights times the 


square of the lab values for each sampling 


unit 


tighter control of ash and sulphur 
variability when measured around 
current means than of moisture. From 
figures such as the coefficient of vari- 
ation, operating management can set 
additional standards of operating 
performance. For example, operating 
management may determine that the 
washer can be operated within a five 
percent limitation for the coefficient 
of variation for moisture. Any values 
for this coefficient that are over five 
percent would then be considered sub- 
standard performance of washer op- 
eration in this area. A decision as to 
what the standards shall be for the 
coefficient of variation is dependent 
upon the compilation of historical 
data and an analysis of washer oper- 
ating potentialities. 

In summary, through statistical 
analyses U. S. Steel has tested, day 
to day, the cumulative week and the 
cumulative month analyses for con- 
tinuity and consistency of the aver- 
ages for ash, sulphur and moisture 
and also has tested the averages for 
the degree of variability experienced 
in current periods versus the degree 
of variability experienced in the pre- 
vious month. As mentioned earlier, 
the statistical results are obtained 
with considerable speed through the 
use of the 650 computer. Thus, they 
are made available to metallurgical, 
and the various blast furnace, coke 
oven and coal operators so that timely 
remedial actions can be taken if sig- 
nificant differences are apparent. 
The company’s collective aim is to 
supply the steel mills with coals that 
consistently meet optimum price- 
quality considerations. The program 
outlined is a step taken by the Metal- 
lurgical Department and the Coal Di- 
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Fig. 7. The shape of 
the two curves indi- 
cates identical stand- 


REQUENCY 


recognized 


DIFFERENT MEANS - SAME 
STANDARD DEVIATIONS 


ard deviations, while 
the mean values are 
significantly differ- 
ent. If management 
used standard devia- 
tion only, it would 
know nothing about 
the significance of a 
change in mean val- 
ues from month to 
month. The converse 
is also true as shown 
in figure 8 


REQUENCY 


% OF INGREDIENT 


SAME MEANS - DIFFERENT 
STANDARD DEVIATIONS 


Fig. 8. The shape of 
the two curves indi- 
cates identical mean 
values, while the vari- 
ability in the one 
case is normal and A 
in the other is quite 7 

biased 


MEAN \ 


vision of United States Steel toward 
the realization of this aim. 


Other Computer Applications 
U. S. Steel’s activities with the 650 


computer have also extended into 


% OF INGREDIENT 


other fields. From time to time, eco- 
nomic worth evaluations are required 
of coals of various facilities and dif- 
ferent prices. In addition to price, a 
complete economic evaluation of the 
coals under study must comprehend 
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the effect of ash, sulphur, volatile 
matter, natural moisture, and fixed 
moisture on coke oven operations, 
the quality of the resultant coke as 
it will affect blast furnace burdening 
requirements, and the economic ef- 
fect of the analyses on coal chemical 
production and coke oven gas balance. 

The calculations must also cover 
conditions in blast furnace operations 
involving constant slag volume, float- 
ing slag volume, and slag sulphur 
critical considerations. The completed 
calculations are FOB receiving works 
and indicate the relative economic 
worths of the various coals in rela- 
tion to a base coal. In other words, 
the calculations tell management 
what the consuming plant can afford 
to pay for the various coals in rela- 
tion to the base coal. When this in- 
formation is compared with the price 
of the various coals FOB the receiv- 
ing works, the cost-quality relation- 
ship of the coals is firmly established. 

The program is applicable to all 
U. S. Steel’s Central Operations coke 
oven and blast furnace operations. 
The present program can evaluate 
coals at any location for constant slag 
volume after request data is put on 
cards in the following time: 

Read program and basic data 

1 minute 40 seconds 
For each coal 
0 minutes 14 seconds 

By conventional means this job 
would require approximately four 
hours for seven coals. 


Fig. 9. Formula for the “t’” test | 


a Error in Mean 
~ Standard Error of Mean | 


x-x’ 


Fig. 10. Formula for variance, 
which is the square of the standard 
deviation 


By changing one card, floating slag 
can be done in the same machine 
time as above. Manually, another 
four hours would be required. 

A facility deck is maintained con- 
taining current basic and_ dollar 
standards for all appropriate coke 
plants and blast furnace installations. 
The user specifies the location in 
which the evaluation is to be made 
and through control numbers, the 
type of calculation desired. One base 
coal and nine comparisons can be 
incorporated and answers for any of 
the conditions or combinations of 
conditions referred to previously can 
be secured by the use of the single 
card control. 

In addition to assuring rapid com- 
parisons of coals in a specific loca- 
tion, that is, coke works and blast 
furnace, and rapid comparison of the 
same coals in any other location, 
there are certain by-products of the 
program: 


1. A comparison of the effects 
of standard versus actual coal 
quality at standard cost. 

2. A comparison of the effects 
of standard versus actual coal 
quality at standard and actual 
coal cost. 

3. A comparison of the effects of 
proposed changes in quality. 


This program is being used with 
success and has relieved the Indus- 
trial Engineering and Accounting or- 
ganizations of a significant workload 
which was the result of performing 
the same calculations by conventional 
means. 


The Timesaving Washability 
Program 


In the interest of relieving labora- 
tory personnel of the time-consuming 
operations of calculating cumulative 
ash, sulphur, volatile matter, fixed 
carbon, organic sulphur and other 
constituents by size fractions and 
various specific gravity considera- 
tions, a program has been developed 
for the 650 computer to precisely 
duplicate the calculations formerly 
made by conventional means. The 
program will calculate cumulative 


month 


Fig. 11. The “F” test in effect measures the degree 
of conformity of the current standard deviation results 
with the standard deviation results of the previous 


(Current Standard Deviation)? 


figures for the sink material as well 
as for the float material. It is broad 
enough to combine multiple sample 
data for ten specific gravity entries 
and six size separations. 


Continuous Miner Program 
Flexible 


A rather unique application of the 
650 computer has been in the devel- 
opment of production and equipment 
hours standards for continuous min- 
ing machines. Space does not permit 
a complete explanation of this de- 
velopment but the program is a most 
successful one and is designed in 
such a manner as to be applicable to 
a wide range of seam conditions so 
that within reason, the program can 
be applied to various mine locations. 
It is not confined to the district for 
which it was initially developed. 

A program has also been developed 
to calculate annual district operating 
plan balances resulting from normal 
annual clean coal requirements of 
the various coke works. Input data 
to the program consists of individual 
mine raw coal daily production and 
the standard ash content of each of 
the individual mine coals. After in- 
troduction of the input data, the pro- 
gram calculates mine participation in 
percent; individual mine and district 
raw coal productivity on a monthly 
and yearly basis; individual mine 
yields of washed coal from raw coal 
as well as the district yield; and also 
for individual mines and district to- 
tals, the clean coal tons per day, 
month and year. The program also 
calculates the number of days of op- 
eration required of the mines and the 
washer comprehending district ca- 
pacity and coke plant requirements. 
Heat drier fuel requirements are also 
calculated within the program. This 
program as currently used performs 
in approximately three minutes cal- 
culations that require eight hours by 
an experienced industrial engineer 
using conventional means. This is the 
first step in assigning lengthy op- 
erating plan balances and standard 
cost calculations to an electronic com- 
puter. 


~ (Standard Standard Deviation)? 


Fig. 12. The coefficient of variation is the percentage 
that the standard deviation is of the accepted stand- 
ard mean value for ash, sulphur and moisture. This 
coefficient is indicative of the tolerances within which 
washer practices are operating 


— _ Standard Deviation s 
Variation 
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PERATIONS of Homestake Min- j 
ing Co. include the Homestake 
mine at Lead. S. D., and the Hauber 


oc 0 tin ractices mine in northeast Wyoming. The 
Hauber mine is operated from Lead. 


Rock bolting is only one of several 

methods of ground support used at 

these mines. There are some condi- 

tions where steel sets are better, other ; 
at Homestake conditions where timber is needed, 

and still others where concrete is 

required. 

At the Homestake mine the rock 
formations are hard, pre-Cambrian 


metamorphic rocks consisting of 

By C. N. KRAVIG cummingtonite schist, biotite schist 

Mine Superintendent and quartzite. A small amount of ter- 
Homestake Mining Co. tiary rhyolite occurs in the form of 


a dike zone. All these formations 
have numerous “slips” or fractures. 
Any heavy ground consists of rock 


breaking off or loosening up along 

The author discusses the application of the fractures. 
rock bolts in metamorphic and sedimen- At the Hauber mine, as well as in 
t ” dd ib t : the uranium mines in Utah and New 
ary rocks and descr es aq new cost saving Mexico, the formations are flat-lying 
method developed for installing cemented sediments consisting chiefly of sand- 
bolts stone and shale. Heavy ground in 


these mines is generally caused by 
slabs of sandstone or shale breaking 
off along sedimentary partings or 
fractures. 


No Regular Pattern of Bolting ‘ 


The main purpose of rock bolting 
is to prevent loose or heavy ground 
by bolting weak or fractured forma- 
tions before they begin to fail. The 
bolting knits the formation into a 
solid unit or beam across any mine 
opening. Flat backs may be strong 
and sound when first opened up, but 
with air slacking, especially in the 
shale formations, much loose or 
drummy ground shows up in a few 


weeks unless rock bolting has been 
| done. If rock bolting is deterred until 
5 A the back becomes loose or drummy it 
a often is too late to safely use this | 
ie method of support, and then the loose 


back may have to be taken down or 
timbered. 

In the Lead operations all “slippy” 
or fractured ground is bolted both 
in development headings and in 
stopes. Generally speaking, no regu- 
lar pattern of bolting is used; the ¢ 
bolts are placed as marked by the 
shift boss or foreman. In highly frac- 
tured ground, however, a certain 
number of bolts may be specified for 
each round of advance in a develop- 
ment heading; this is particularly 
true of the lower levels where rock 
pressure tends to loosen up the ground 


if this bolting is not done. 
In the Hauber uranium mine, the expansion shell type of bolt is used almost exclusively; In the stopes, rock bolts ae mm 
however, the problems of anchorage and slacking ground have limited its application stalled as marked by the shift boss in 
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an effort to prevent loose or heavy 
ground. When mining around barren 
or low-grade rock, the back may be- 
come heavy and loose to the point of 
being “drummy,” or there may even 
be cases of rock falls. In such cases 
stoping may be stopped, and the en- 
tire area may be bolted again by 
starting in a solid area and working 
toward the loose portion of the stope. 
Normally a standard washer is the 
only head plate used in connection 
with the bolting, but as the ground 
becomes more highly fractured, steel 
plates, strips or wire mesh are bolted 
to the rock. In extreme cases, wire 
mesh is bolted in place and then 
gunited. 


Wedge Type Bolt Provides 
Best Anchorage 


The wedge type rock bolt is used 
almost exclusively at Homestake, but 
a few expansion shell type bolts are 
also used, especially in the develop- 
ment drifts on the lower levels. In 
fractured ground on the deep levels, 
the rock quite often loosens up around 
the head plate within a few weeks 
after being installed. By using ex- 
pansion shell bolts they can be re- 
moved and the drift may then be 
rebolted with considerable assurance 
of permanence. 

In the hard rock formations in 
Lead, the wedge type gives a better 
anchorage and permits a larger rod 
in the 1% in. drill hole. Since the 
rock is hard, and drilling is slow, 
there is no problem in drilling the 
hole to a prescribed depth for this 
type bolt. In most cases the bolts are 
installed for permanence so there is 
little need for a bolt that can be re- 
moved. Bolts five ft and eight ft long 
are used in the development head- 
ings; and bolts five ft, eight ft, and 
ten ft long are used in stopes. 

Hydraulic pull tests on the wedge 
type rock bolt at Homestake show 
that they support from six to nine 
tons. Tests on the expansion shell 
type invariably indicated a lower 
vield point. 


Rock Formation Dictates Bolt Type 


Another type of rock bolting that 
has been tried out is the “Perfo” sys- 
tem. In this method of bolting, two 
halves of a perforated tube are filled 
with a rich mortar of sand and ce- 
ment and are then wired together and 
inserted into the drill hole. A rein- 
forcing rod threaded on one end is 
then driven into the tube filled with 
mortar; the mortar is extruded 
through the perforations and fills 
the space between the perforated shell 
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A standard washer is normally the only head plate used in connection with the bolt- 


ing, but as the ground becomes more highly fractured, steel plates, strips or wire 
mesh are bolted to the rock 


and the rock. When the mortar sets, 
the bolt is anchored throughout the 
entire length of the drill hole. 

The Perfo bolt gives excellent sup- 
port in heavy ground and especially 
in formations where good anchorage 
is not possible with the wedge or ex- 
pansion shell types. Pull tests show 
that the elastic limit of the reinforc- 
ing rod is reached without any signs 
of failure in the cement bond. The 
steel rod has a yield point of 65,000 
psi, so a %-in. re-bar supports a load 
of 191% tons before breaking, or a 
safe working load of six tons. 

The perforated shell is used merely 
as a technique to introduce the cor- 
rect amount of mortar into the drill 
hole. This principle of bolting is 
identical to that of “pinning”—a 
rock bolting practice used by Home- 
stake over thirty years ago, and 
which had been successfully used 
many years prior to that time. This 
“pinning” type of bolting was used 
mainly on the hanging wall of shrink- 
age stopes. A rich mortar of sand and 
cement was pushed into a drill hole 
by means of a loading stick and then 
a 114-in. lug steel was driven into 


the hole; the mortar would flow 
around the rod and when set would 
form a bond between the steel pin 
and the sides of the drill hole 
throughout the entire depth of the 
hole. Some hydraulic pull tests on 
these pins showed that the elastic 
limit of the steel was reached without 
any failure of the cement. 


New Method for Installing 

Cemented Bolts Developed 
Homestake has developed a new 
method of introducing the mortar 
into the drill hole without a perfo- 
rated shell. A thin-walled cylinder of 
a diameter that will easily go into the 
drill hole is filled with mortar and 
inserted into the hole; a piston or 
plunger is then pushed part way into 
this cylinder. The plunger holds the 
mortar against the bottom of the 
drill hole while the cylinder is re- 
moved, thus leaving the hole nearly 
full of mortar. A reinforcing rod is 
then driven into the mortar until it 

reaches the bottom of the hole. 
The mortar fills the space around 
the rod with any excess being ex- 
truded out of the hole. When the 
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mortar sets, a washer and nut are 
screwed onto the bolt and tightened. 
Quick-setting cement may be used to 
hurry the process. This system saves 
the cost of the perforated shell and 
the resulting bond is very effective, 
as proven by hydraulic pull tests. 

In heavy ground where the wedge 
type or expansion shell type bolts do 
not give sufficient anchorage, cement- 
ed bolts in conjunction with steel 
plates, provide very good support. 
Such bolting is more expensive both 
in labor and material; but where it 
can be substituted for timbering, it 
still is an economical type of rock 
support. 


Temporary Support in Large Stopes 


In some of the large stopes at 
Homestake widths up to 100 ft or 
more and lengths up to 400 ft are 
not uncommon, and rock bolts can- 
not be depended upon entirely to 
support such large areas where there 
is heavy ground. The natural arching 
of the rock in case of caving would 
extend beyond the anchored end of 
a ten-ft bolt. In order to bolt a back 
over such a span, the bolts would 
have to be long enough to be an- 
chored above the natural arching in 
case of caving and enough bolts of 
the necessary length would have to 
be installed to hold the entire weight 
to the point of natural arching. This 
would require bolts in the neighbor- 
hood of 50 ft in length, which is too 
long to handle conveniently and 
would be impractical since rock bolt- 
ing in stoping operations is only tem- 
porary; that is, until the next cut is 
mined. This does not mean that rock 
bolting is not used in the large stopes, 
but it does mean that the bolting is 
used only with the idea of supporting 
individual pieces of drummy or heavy 
ground and not the entire back. Bolt- 
ing of large spans, however, does 
tend to tie the rock into one unit so 
that it acts as a beam and tends to 
prevent caving to an arch. 

In the Hauber mine, as well as in 
the uranium mines in Utah and New 
Mexico, the expansion shell type of 
bolt is used almost exclusively, but 
the problem of anchorage and slack- 
ing ground has limited its applica- 
tion. In soft sandstone beds the wedge 
type bolt has proved ineffective be- 
cause the wedge is driven into the 
sandstone rather than into the slot 
of the bolt, and no anchorage is 
achieved. 

In some cases the expansion shell 
type of rock bolt may give fair an- 
chorage in sandstone at the time it 
is installed, but if some water trickles 
out of the sand near the expansion 
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shell there is a tendency for the sand 
to crumble away from it and the an- 
chorage is lost. A check with a torque 
wrench some time after installation 
will test the anchorage. If the anchor- 
age is lost, the miners have been 
working with a false sense of security. 


Expansion Shells Installed in 
Plastic Cement 


Installing expansion shell rock 
bolts in combination with a tube of 
plastic cement ahead of the expan- 
sion shell has been tried. As the bolt 
is pushed against the bottom of the 
hole, the tube of plastic cement is 
supposed to break and flow around 
the expansion shell. When the bolt 
has been tightened and the shell has 
expanded, the plastic is supposed to 
harden and prevent any washing 
away of the sand or mud thereby 
preserving the anchor. However, 
upon testing the bolts installed with 
the plastic cement, the anchorage was 
no better than with the standard ex- 
pansion shell without plastic cement. 
There is some question as to whether 
the plastic hardening in the threads 
prevents proper testing with a torque 
wrench. 

Certain weak shale formations in 
the uranium mines tend to cave 
quickly. In this type of rock neither 
the wedge type nor the expansion 
shell type bolt gives satisfactory re- 
sults because a good anchorage is not 
always possible. In addition, air 
slacking loosens the shale around the 


head washer and as crumbling con- 
tinues, the bolt is left hanging with 
no supporting value. If satisfactory 
anchorage is attained, air slacking 
can be controlled partially by steel 
strips, steel plates or wire mesh to 
prevent crumbling. In this type of 
ground, where the desired anchor is 
not achieved with the expansion shell 
type bolt, the only satisfactory type 
of bolting is the cemented pin or 
“Perfo” bolt in conjunction with steel 
plates or strips. 


Used 43,000 Rock Bolts in One Year 


Rock bolting experience at Home- 
stake has demonstrated that much 
heavy ground which formerly was 
timbered can be supported by rock 
bolts. During 1958 Homestake used 
over 43,000 rock bolts. Nearly all of 
the development headings in loose or 
broken-up ground can be supported 
with rock bolts in conjunction with 
steel sheets, strips or wire mesh. The 
rock bolts are five, eight and ten ft 
in length which permits anchorage 
above any natural arching tendency. 
In the large stopes, however, only 
individual drummy boulders or “slip- 
py” ground is bolted, but such bolt- 
ing has permitted more open cut-and- 
fill stoping with a corresponding de- 
crease in square set mining. In the 
uranium mines bolting in certain 
weak shale formations has had ques- 
tionable value, but in firm sandstone 
has proven to be an effective type of 
support. 


Bolts are placed as marked by the shift boss or foreman. In highly fractured ground, a 
certain number of bolts may be specified for each round of advance in a development 
heading 
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Equipment Needs and Trends 


For Mining in Seams 


Over 48 Inches Thick 


Has the development of equip- 
ment capability passed the 
point of diminishing returns in 
cost reducing ability? 


By E. H. GREENWALD 
Partner 
Eavenson, Auchmuty & Greenwald 


Sib word “need” is defined as “to 
be necessary”; the word “trend” 
as “to turn in a specified direction or 
course.” A specific equipment need 
should and can be accurately defined 
by the functional requirement to be 
met; i.e., what the machine is to do 
exactly, including its productive ca- 
pability and reliability. Obviously, 
the trend should be in the direction 
of meeting the need as closely as 
possible, in so far as design limita- 
tions and the use of available ma- 
terials, etc., will allow. 

The subject of this article is a very 
significant one. The “need” and 
“trend” in face mining and _inter- 
mediate haulage equipment is the 
principal factor controlling the cost 
of production. It is not difficult to 
illustrate that the primary influence 
governing production costs, and in 
turn sales realization, is largely vest- 
ed in those operations producing coal 
from seams 48 in. and thicker and 
will probably continue to be so with- 
in the foreseeable future. There just 
isn’t any easy way of repealing the 
natural law to wit: “all things being 
equal, the cost of mining coal will 
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vary inversely as the height of the 
seam being worked.” 

In spite of opinion to the contrary, 
the percentage of total production 
from seams 48 in. and thicker has 
not changed materially over the past 
15 years and not significantly over 
the past 40 years. The following tab- 
ulation from U. S. Bureau of Mines 
statistical studies illustrates this. 


Percent of Production from Seams 


Less 48” 
Year Than to to 96” 
48” 72” 96” 
1920 25% 45% 25% 5% 
1945 31%, 37% 23% 9% 
1950 35% 35% 22% 8% 
1955 34% 40% 20% 6% 


The author does not expect to see 
any material percentage increase in 
production from seams less than 48 
in. thick for many years—because 
of the ever tightening competitive 
situation in the fuel energy markets 
coupled with the abundance and fa- 
vorable locaton of reserves in seams 
over 48 in. thick. 


Decade of Evolution 


In the last ten years the coal indus- 
try has established a tremendous rec- 
ord of increased productivity and 
cost reduction, all the result of a 
rapid evolution in mining equipment 
and management techniques. 

The operator has contributed to 
this evolution by gradually but surely 
increasing machine output to a point 
more closely approaching a machine’s 
capability. Ten years ago the work- 
ings of the second law of C. North- 
cote Parkinson, a noted British hu- 
morist, was very much in evidence 


at many mines. This law states that 
“work expands so as to fill the time 
available for its completion.” Pro- 
ductivity of mining units were often 
geared to the longest cycle time or 
“bottleneck” in the total mining op- 
eration without any thought to bal- 
anced crews, improving work meth- 
ods, etc. In the interim many com- 
panies have found that this law is 
less likely to be in effect if they un- 
dertake a good cost control program, 
along with the proper application of 
industrial engineering techniques. 
During this decade, the manufac- 
turer has made available machines 
with ever increasing capabilities both 
as to productive capacity and ver- 
satility. In turn, the industry has 
been able to return to the manufac- 
turer a profit level comparable to the 
best in the heavy equipment field. A 
substantial part of this profit has un- 
fortunately stemmed from the sale of 
replacement parts. From the industry 
viewpoint, the purchase of replace- 
ment parts is a negative undertaking. 


The Past, a Guide to the Future 


The best guide to the future of 
equipment “needs and trends” is to 
examine the effect ten years of evolu- 
tion has had on the components of 
the cost of production for machine 
loaded coal. This will illustrate the 
areas in which cost reduction has 
been most effective and point out the 
resulting change in the relative posi- 
tion of the major components in the 
cost structure. It will further serve 
to show the most likely areas for 
future cost reduction. It is within 
these areas that the emphasis on con- 
tinuing equipment evolution should 
take place. 

Selected for this ten-year compari- 
son is the record of a group of mines 
in a specific field who report cost in 
detail to an association. This particu- 
lar field is noted for its over-all min- 
ing efficiency in a multitude of seams 
and has seam conditions varying 
from the worst to the best. Produc- 
tion is principally from seams over 
48 in. and varying in thickness to 
more than ten ft. The figures cover 
machine loaded coal only in some 
new but mostly older mines. In most 
of these mines, face mining equip- 
ment has been periodically upgraded 
to higher capacity units as they be- 
came proven and available. Columns 
1, 2 and 3 of table 1 present the de- 
tails of this comparison. 

Columns 1 and 2 of table 1 com- 
pare cost based on 1959 dollars ver- 
sus 1949 dollars without allowance 
for inflation. Since 1949 the value of 
the dollar has decreased about 17.5 
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percent. The 1949 cost in equivalent 
1959 dollars would be $5.43 and 
costs have therefore actually been re- 
duced $0.85 per ton or about 16 per- 
cent in this particular field over the 
ten-year period. 

Table 1 shows, significantly, that 
within the major subdivisions in 
which individual management was 
able to exercise its prerogatives, costs 
have been reduced—specifically, di- 
rect labor cost (minus 22 percent), 
mine supervision and overhead (mi- 
nus eight percent), and general ad- 
ministrative expense (minus eight 
percent). 


Effect of Past Evolution on Labor 
Distribution and Costs 


In making these cost reductions, it 
is obvious that the major effort has 
taken place in reducing the amount 
of labor employed at the working 
face with the reductions in the other 
categories principally the result of a 
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Manufacturers have made available machines with ever increasing capabilities both as 
to productive capacity and versatility. This remotely-controlled highwall mining ma- 
chine is scheduled to be in operation this fall 


cause-effect relationship. The reduc- 
tion in productive labor costs has re- 
sulted from the increased productiv- 
ity per man-shift at the face through 
better management and use of higher 
capacity equipment. As a result of 
this, output per unit shift has in- 
creased greatly and in turn the num- 
ber of units needed to produce a 
given mine tonnage have been re- 
duced substantially. This has reduced 
required productive mine area with 
associated reductions then occurring 
in service labor costs, supervisory 
and overhead expenses. The order in 
which these have occurred and their 
identity as to which is cause and 
which is effect is often misunderstood. 

The cause-effect ratio between re- 
ductions in productive labor costs 
and service labor costs appears to be 
on the order of three to one for this 
field (a reduction of 32 percent in 
face labor costs has resulted in a re- 
duction of ten percent in service la- 
bor costs). The similar ratio for as- 


sociated reductions in mine overhead 
expense has been about four to one 
(32 percent vs. 8 percent). 

The results of this cause-effect re- 
lationship has changed the relation 
between productive and service labor 
costs. In 1949, 57 percent of total 
direct labor cost was for productive 
labor at the face with 43 percent for 
service labor (from the loading point 
to the railroad car). At the end of 
1959 the split was about 50 percent 
to 50 percent. As further proof of the 
trend in this relationship, at several 
recently constructed, ultra modern, 
high capacity mines in another field 
the ratio is reported to be 45 percent 
productive versus 55 percent service. 

As table 1 shows, all of this has 
resulted in a substantial reduction in 
the percentage of total production cost 
represented by direct labor cost. At 
the end of 1959 direct labor cost 
equaled about 39 percent of total 
cost, versus 51 percent in 1949. This 
in spite of an 89 percent increase in 
base wage rates for the period. If 
this evolution at the face had not 
taken place, in this particular field 
direct labor costs would now be $4.33 
per ton for machine loaded coal. The 
effective reduction has therefore been 
$2.55 per ton, equal to 111 percent 
of the 1949 figure. 


Trends in Equipment Reliability 


Figures from table 1 show that 
hieher equipment capacity or capa- 
bility has produced important results. 
Unfortunately they do not point out 
the importance of or the trend in 
equipment reliability. This can be 
defined as the average percentage of 
total available work time that the 
machine or unit can be expected to 
operate free of maintenance trouble. 
The fact that total production is a 
function of capability plus reliability 
is very well understood by those op- 
erators obtaining a high percentage 
of available equipment capacity. 

The development of effective pre- 
ventive maintenance and_ scheduled 
periodic rebuilding programs to ob- 
tain maximum operating time are the 
result of this recognized need for 
equipment reliability. Therefore, the 
cost of maintenance labor and sup- 
plies can serve as the criterion for 
reliability and the relation of these 
to the other cost components is of 
major importance in considering 
equipment “needs and trends.” 

Unfortunately the details on main- 
tenance labor and supply costs are 
not available for the group of mines 
represented in table 1. However, 
from cost figures of several mines in 
this field it appears that the 1949 
maintenance labor costs for mining 
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and face haulage equipment was 
about eight percent of the total direct 
labor cost. By the end of 1959 this 
percentage had increased to about 
14 percent of the total. In the face of 
a 22 percent decrease in total labor 
costs, per ton maintenance labor costs 
increased about 36 percent in this 
ten year period. However, after fac- 
toring the 89 percent increase in base 
wage rates, there actually has been 
an effective reduction in the use of 
maintenance labor of 60 percent. This 
occurred at about one-half the rate 
of the reduction in total labor costs. 
Part of this reduction has resulted 
from the practice of having compo- 
nents and entire units repaired or 
rebuilt in job shops rather than at 
the mine. In so doing, the entire cost 
of an outside repair usually is ac- 
counted for in mine supply cost and 
in so doing a distortion occurs in the 
actual relation between labor and 
supply costs. 

The past decade has witnessed an 
increase of 56 percent in total mine 
supply cost. The cost of maintenance 
supplies for mining and face haulage 
equipment, including those used in 
major overhauls and rebuilding, was 
about 20 percent of total supply cost 
ten years ago, at these several mines. 
At present, this item makes up about 
30 percent of the total. While total 
supply cost was increasing 56 percent 
in ten years, maintenance supplies, a 
major factor in total supply cost, 
increased 134 percent. 

The effective increase is actually 
117 percent if allowance is made for 
inflation. This increase versus the ef- 
fective 60 percent decrease in main- 
tenance labor indicates that the aver- 
age item of maintenance supplies is 
now about three times as costly as ten 
years ago. Part of this is probably the 


In making cost reductions, the major effort has been to reduce the amount of labor 
employed at the working face 


result of accounting distortion be- 
cause of the increased amount of job 
shop repair work being done, with 
most of it due to increased complex- 
ity of equipment and the use of more 
expensive materials by the manufac- 
turer. 


A Look at the Future 


If the experience of the past ten 
years is repeated in the next ten, will 
the results be satisfactory? If not, 
then perhaps the present trend in 
equipment evolution will have to be 
altered. 

As an insight into this, column 4 
of table 1 presents the projected 1969 
costs on the basis of applying the 
same percentage change in the vari- 
ous cost components that have oc- 
curred in the 1949-59 period. An 
exception is welfare, vacation and ad- 
ministrative expenses which have 
been projected without change. 

According to column 4, total direct 
labor charges will have then been re- 
duced to 27 percent of total cost of 
production and the ratio of produc- 
tive to service labor will be about 44 
percent to 56 percent. The cost of 


supplies will then have exceeded the 
cost of labor, being about 33 percent 
of total cost which in turn will have 
increased about six percent over 
1959. 

A 270 percent increase in per man- 
shift productivity at the face will be 
required in this field to meet the labor 
cost in column 4, assuming base wage 
rates are again increased 89 per cent 
in the next decade. The 1959 cost 
indicates an average output of about 
29 tons of clean coal per crew mem- 
ber. This will have to be in excess of 
80 tons per man-shift in 1969. If 
this occurs, output per unit shift will 
have increased from an average of 
about 300 tons of clean coal to in 
excess of 650 tons, with a probable 
decrease in crew size of 20 to 25 
percent. 

The average productivity figures 
called for in 1969 are not far from 
those being attained today in this 
field from certain mining units using 
the latest high capacity equipment. It 
therefore appears reasonable to as- 
sume that another decade of equip- 
ment evolution similar to the last will 
witness the average employment of 


Table 1. Comparison of the Cost of Production for Machine Loaded Coal from Field ““A”— 
Comparing the Year 1949 with the Last Half of 1959 


(2) (3) 
1949 Last half 1959 Percent 
Item Cost of Cost 5 of increase 
per total per total or 
ton cost ton cost decrease 
Productive labor $1.30 29.0 $0.89 19.4 - 32 
Service labor 0.99 22.1 _0.89 194 - 10 
Total direct U.M.W.A. labor $2.29 51.1 $1.78 38.8 22 
Mine supplies 0.66 14.8 1.03 22.6 +56 
Power 0.12 2.7 0.13 2.8 + 8 
Mine supervision, clerical and misc. 
Mine overhead expense 0.48 10.7 0.44 9.6 - 8 
U.M.W.A. welfare and vacation pay 0.28 6.2 OAT 10.3 +68 
Total mine cost $3.83 85.5 $3.85 84.1 +t 0.5% 
All taxes, insurance, compensation, _ 
dues and assessments 0.28 6.2 0.34 7.4 + 21 
Administrative expenses 0.12 2.7 0.11 2.4 = 
Depreciation 0.25 5.6 0.28 6.1 + 12 
Total cost of production $4.48 100.0% $4.58 00.0% + 2% 


(exclusive of depletion and 
tonnage royalties) 
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(4) 5 
Projected 1969 Possible 1969 


Cost % of Cost % of 
per total per total 
ton cost ton cost 

$0.61 12.6 $0.21 5.3 

“079 163 066167 

$1.40 28.9 $0.87 22.0 
1.61 33.2 1.20 30.3 
0.14 2.9 0.14 3.5 
0.40 8.2 0.36 9.1 

97 047119 

$4.02 82.9 $3.04 76.8 
0.41 8.4 0.41 10.3 
0.11 2.3 0.11 2.8 

0.31 6.4 0.40 10.1 

$4.85 100.0% $3.96 100.0% 
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mining units with this required ca- 
pacity. 

As to equipment reliability, the fig- 
ures of the past decade indicate that 
the evolution in reliability has not 
kept pace with increased capability. 
To achieve the projected production 
per man and per unit the necessity 
of obtaining maximum equipment 
availability time will be even more 
critical than it is at present. Unless 
there is a substantial reduction in the 
maintenance requirements of new 
equipment, the methods now used to 
assure maximum equipment opera- 
tional time will have to be intensified 
and possible new approaches to the 
problem devised. 

The past trend is projected into the 
future as another 36 percent increase 
in per ton maintenance labor cost to 
where this item will equal about 25 
percent of total labor ten years from 
now. Unless efforts are made to the 
contrary in the design of new equip- 
ment, the next ten years could also 
see a major portion of the 134 per- 
cent increase in the per ton cost of 
maintenance supplies repeat itself. 
This item would then equal some 45 
to 50 percent of the cost of all mine 
supplies and would actually be sub- 
stantially higher than productive la- 
bor costs. 


Future Performance and Costs 


The assumption made in projecting 
the costs shown in column 4 is that 
the evolution of the past ten years has 
occurred at a constant rate. Actually 
the rate was rather slow from 1949 
to 1952 and then accelerated sharply. 
The curve of annual increase in pro- 
ductivity strongly indicates that the 
projected costs for 1969 can be bet- 
tered substantially if equipment re- 
liability is improved. This is most 
likely to occur if the competitive posi- 
tion of the industry is_ seriously 
threatened in any way. 

In examining the capabilities of 
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Total production is a function of equipment capability plus reliability 


different pieces of equipment avail- 
able today, it is obvious that some 
(especially continuous miners) are 
much advanced beyond what is re- 
quired to produce the costs shown in 
column 4. A further substantial de- 
crease in productive labor costs can 
take place by improving auxiliary 
units to the point of attaining bal- 
anced unit capability and improving 
reliability to where it matches capa- 
bility. 

It appears reasonable to assume 
that the needed evolution in capacity 
of auxiliaries (particularly face haul- 
age systems) will take place in the 
next ten years. For this reason col- 
umn 5 of table 1 has been presented 
to show the cost structure that ap- 
pears to be possible, assuming the 
required equipment is made available 
and the companies are capable of 
supplying the necessary capital dollars 
for purchases. At this point total di- 
rect labor costs will be 21 percent of 
the total cost of production and the 
ratio between productive labor and 
service labor will then be 24 percent 
to 76 percent. 

The cost figures shown in column 
5 call for a mining unit capable of 
delivering an average of 1200 tons 
of clean coal per operating shift with 
a five man crew. Output per man- 
shift would be 240 tons. Yearly out- 
put per operating unit would be at 
least 600,000 tons. 

To meet the figures in column 5, 
equipment reliability will have to be 
improved substantially and in turn 
the per ton cost of maintenance re- 
duced over what is projected in col- 
umn 4, An effective reduction of 50 
percent in maintenance labor below 
present levels is neded, without at the 
same time having any increase in the 
present per ton cost of maintenance 
supplies. The unit should probably be 
able to produce at least 2,500,000 
tons before requiring a major over- 
haul. The over-all requirements for 
maintenance should be at least 55 


percent less than what is needed for 
today’s equipment. 


The First Cost of Mining Equipment 


In strip mining where large exca- 
vators are employed, the relative im- 
portance of the tirst cost of the ma- 
chine is well understood in reference 
to its capability and reliability. De- 
preciable cost, the operating cost and 
the maintenance cost per unit of ma- 
terial moved are each given proper 
evaluation. Unfortunately in deep 
mining, there seems to have been 
little etfort put forth in the direction 
of making this type of evaluation. As 
a rule of thumb, with large earth 
movers the purchaser can expect to 
spend from 2 to 24% times the first 
cost of the machine in maintaining it 
over its depreciable life. 

Ten years ago the latest unit of 
conventional off-track mining equip- 
ment for operation in a 60-in. coal 
seam had a first cost of approxi- 
mately $91,000. Such a unit possibly 
produced 100,000 tons a year. Over 
a ten-year depreciable life a total of 
1,000,000 tons of production resulted 
in a depreciation cost per ton of ap- 
proximately 9.1¢. Over the same ten- 
year period the operator of this equip- 
ment could expect to incur total 
maintenance and repair costs in ex- 
cess of $300,000. The ratio of first 
cost to maintenance and repair costs 
ten years ago was then on the order 
of 1 to 3.5. 

Today, the first cost of the latest 
conventional mining unit to operate 
in this same seam height is approxi- 
mately $207,000. This unit may pro- 
duce 200,000 tons per year and over 
a ten-year period, 2,000,000 tons at a 
depreciation cost of 10.4¢ per ton. 
After applying the 17.5 percent infla- 
tion factor, it seems obvious that al- 
though there has been an increase of 
128 percent in the first cost of this 
type of mining equipment, along with 
the 100 percent increase in capabil- 
ity, the purchaser is now obtaining at 
least seven percent more capability 
for his equipment dollar than he did 
ten years ago. 

Unfortunately, reliability, as meas- 
ured by the cost of maintenance, has 
traveled the other direction. Over a 
ten-year depreciable life the owner 
of this type of mining equipment will 
probably incur maintenance expense 
in excess of $1,100,000. Over the last 
ten years it appears that the ratio of 
first cost to maintenance cost has in- 
creased from 1 to 3.5 to 1 to 5.4. 

If this trend is continued for an- 
other ten years at the same relative 
rate, the first cost of such a unit in 
1970 will be $472,000, and the owner 


will incur maintenance costs in excess 
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of $4,000,000 in producing 4,000,000 
tons of coal, over its ten-year life—a 
ratio of 1 to 8.3, first cost versus 
maintenance cost. This is in line with 
the projected cost figures in column 
4, table 1. 

The cost figures given in column 5 
could be met by a unit capable of 
producing 6,000,000 tons over a de 
preciable life of ten years. These costs 
also demand a reduction in mainte- 
nance requirements of at least 55 per- 
cent under what is needed for today’s 
equipment. Even so, there would be 
available for maintenance of this 
unit, total funds in excess of $3,300,- 
000 over its life. With this degree of 
quality built in a mining unit, the 
cost savings in maintenance vs. what 
the trend now indicates will happen, 
could be on the order of 60¢ per ton. 
Using the ratio of 1 to 2.5 now com- 
mon with large excavating machines, 
the purchaser could afford to pay ap- 
proximately $1,350,000 for the min- 
ing unit which in turn would be de- 
preciated at the rate of 22.4¢ per ton, 
an increase of 12¢ per ton over pres- 
ent figures. The net savings, being the 
difference in the reduction in main- 
tenance costs versus the increase in 
cost of depreciation, would be sub- 
stantial. 


Need for Improving Equipment 
Reliability 

Although this study was intended 
to develop conclusive evidence as to 
specific equipment needs for seams 
48 in. or thicker from the standpoint 
of capability, the results have instead 
focused attention on a matter of ap- 
parent greater significance. In the 
author’s opinion it is now obvious 
that a substantial realignment in the 
present thinking of the equipment 
manufacturers and the purchasers as 
a group is necessary if the future eco- 
nomics of the cost of production of 
deep mined coal are to continue on 
a favorable basis. 

The development of equipment ca- 
pability has apparently passed the 
point of diminishing returns in cost 
reducing ability. At the same time, in 
the effort to achieve capability the 
relative importance of other cost fac- 
tors such as depreciation and in par- 
ticular maintenance expenses do not 
appear to be receiving the type of 
factual consideration given them in 
other industries. To the author it ap- 
pears that the future in the mining 
equipment field belongs to the manu- 
facturer who can achieve the proper 
balance between capability and_re- 
liability in the products he develops 
and sells. 
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ROOF CONTROL 


Roof Bolting’ 


IX roof bolters lost their lives as 

a result of roof falls during 1958. 
During that year, estimates indicate 
that 161,061,696 tons of coal were 
mined under bolted roof, which en- 
tailed the installation of 36,032,832 
bolt units. Thirty-five percent of all 
bituminous underground mining was 
done under bolted roof. 

You might say that six deaths 
don’t seem like much. But all six of 
those deaths could have been pre- 
vented! 

The immediate hazard to roof 
bolters is, of course, falls of roof and 
sides. This hazard can be greatly 
minimized if the roof bolters will fol- 
low this simple rule: do not advance 
beyond the last permanent support 
unless temporary support or equiva- 
lent protection is used! 

Another prime hazard is the fine 
dry particles of dust encountered in 
drilling, especially when the drilling 
is done in high silica stratas. Th’s 
hazard can be lessened by: 

1. Using sharp bits to reduce the 
amount of finely divided dust 
created. 

2. Allaying the production of dust 
by using water on the drill bit. 

3. Using efficient dry dust collec- 
tors. 

4. Wearing effective respirators. 


Roof bolters are also exposed to 
other hazards, such as those encoun- 
tered in transportation, handling 
materials, falls of person, etc. All of 
these can be greatly minimized by 
using common sense and by follow- 
ing company rules to the letter. 

The roof bolter can contribute 
much to coal mine safety. His con- 
tribution is very important to him- 
self and also to his fellow workers. 
He can set an example by: 


1. Following the agreed roof bolt- 
ing plan. 

2. Providing adequate temporary 
support before going beyond 
the last permanent support. 

3. Seeing to it that each bolt is in- 
stalled properly. 

4. Seeing that dust-control devices 
are in good working order and 
are used during drill. 

5. Keeping alert and conscious of 
the hazards peculiar to his job. 

6. Remembering that it is the 
chance-taker who bets his life 
against long odds, only to find 
that the deck is stacked against 
him. 

7. Being careful. He can possibly 
save a life, and the life he saves 
may be his own! 


* Prepared by the Advisory Committee 1960 
National to Prevent Injuries From 
Roof Falls in Coal Mines. 
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REDICTION of nuclear power 

growth has been a most difficult 
task and it must be the great chal- 
lenge that has appealed to many, 
for there is no shortage of such 
projections. 

It has been estimated that we in 
the United States can logically expect 
to provide one-half of the require- 
ments of Euratom during the period 
through 1968—say 4500 MWe (meg- 
awatts electrical)—and perhaps an 
additional 1000 MWe in other areas. 
This represents a requirement for 
initial inventory alone of approxi- 
mately 25,000 tons of uranium or 
some 33,000 tons of concentrate. An 
estimate (Atomic Industrial Forum 
Survey) of foreign and _ nuclear 
power installed by 1969 is given 
below. 

Cummulative Total, 


Megawatts 
electrical 


World Area Maxi- Mini- 
mum mum 

United Kingdom 12,000 7,000 
Euratom 8,700 4,800 
Other Western Europe 1,700 800 
Canada, Latin America 800 400 
Asia, Pacific 1,000 500 


24,200 13,500 


Assuming the uranium industry to 
be operating at an annual rate of 
18,000 tons of concentrate and fur- 
ther that half of this production is 
required for military usage, it is ap- 
parent that this country could easily 
supply the fuel requirements for 
U. S. types sold abroad during the 
next eight years and still have about 
an equal amount (30,000 tons) for 
a domestic program or stockpiling. 


U. S. Will Continue as Major 
Free World Source 


It seems highly unlikely that a 
domestic program of this magnitude 
will come in to being during this 
period. However, we may find that 
concentrate and fuel sales are possible 
even where U. S. reactor types are 
not involved. In support of this view 
we need simply to realize that al- 
though it has been estimated that the 
U.S. should furnish some 25 percent 
of the total capacity installed in this 
period, our production of concen- 
trate is about 40 percent of the Free 
World total. To put it another way, 
assuming almost any reasonable fig- 
ure for United Kingdom military 
application; there does not appear to 
be nearly enough concentrate pro- 
duction outside the U. S. to supply 
the needs for this build-up overseas. 
Relative to this, an Organization for 
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Salt Lake City mill of Vitro Chemical Co. exceeded its design capacity in 1959 by pro- 

ducing 1,495,000 Ib of U:Os as high grade concentrate. A growing amount of the output 

from such mills is ultimately finding its way into commercial uses, but this still repre- 
sents a minute share of the total production 
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Commercial use of uranium is spreading world-wide and into all areas of civilization 

—but slowly. One consumer-to-be is the Government of India, which will use uranium 

fission products in a modern, $4,000,000 radiological laboratory being built in Trombay. 
The facility was designed by Vitro International 


European Economic Cooperation esti- 
mete of nuclear capacity installed 
overseas by 1975 is given below. 


Cummulative 


MWe 
United Kingdom 35,000 
Euratom 40,000 
Other Western Europe 10,000 — 25,000 
All others 25,000 — 75,000 


110,000 — 175,000 


Assuming that our domestic pro- 
gram becomes competitive in major 
areas during this period, then U. S. 
nuclear capacity by 1975 is estimated 
at 50,000 MWe for a Free World 
total of between 160,000 and 225,000 
MWe. 

Based on this growth it would 
seem necessary for Free World con- 
centrate production to double in or- 
der to meet electricity requirements 
alone of 40,000 to 100,000 tons of 
uranium after 1970. 

The above projections have been 
presented because they are authorita- 
tive surveys made by responsible or- 
ganizations with the best information 
available at the time. 

Because these figures deal with the 
future, they may yet turn out as good 
estimates. However, the progress of 
technology and related economic 
events in the past year or two have 
caused many forecasters to lower 
their sights. Estimates of installed nu- 


clear generating capacity for the 
Free World have more_ recently 


ranged between 60,000 and 100,000 
MWe by 1975. 

Only time will show which, if any, 
of these projections are accurate. An 
examination of recent progress in 
technology and the current political- 
economic scene can guide our present 
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outlook for nuclear power and the 
commercial use of uranium. 


Aim of U. S. Nuclear Power 
Program 


It would appear almost axiomatic 
that we here in the U. S., blessed with 
ample supplies of economic fossil 
fuels, must view nuclear energy as 
another form of fuel in our natural 
endowment of energy reserves. The 
basic aim of our program should 
logically be an orderly development 
of nuclear power for the production 
of electrical energy at a cost no 
greater than electrical kilowatts pro- 
duced by burning coal or oil and at 
a time that does not endanger our 
conventional reserves. 

Such a policy permits examina- 
tion of alternative schemes and the 
development of optimum reactor 
types before major production in- 
vestments are committed and funda- 
mentally, this is our policy. If our 
program under this policy is attacked 
as too little and too late, or as lacking 
in leadership before the rest of the 
world, or lagging in the nuclear kilo- 
watt race, we must keep our domestic 
perspective and recognize these as 
political factors on the American 
scene as well as propaganda factors 
on the international scene where the 
measure of technological skill has 
become a symbol of prestige, power 
and success. 

The civilian power reactor develop- 
ment program of the Atomic Energy 
Commission has been sharpening its 
objectives and has recently stated 
them as follows: First of all, there are 
two so-called short-term objectives; 


(a) to reduce the cost of nuclear power to 
levels competitive with power from fossil 


fuels in high energy cost areas of this coun- 
try within ten years, and (b) to assist 
friendly nations now having high energy 
costs to achieve competitive levels in about 
five years. 

Three longer-range objectives are: 
(a) to support a continuing long-range pro- 
gram to further reduce the cost of nuclear 
power, (b) to maintain the U. S. position 
of leadership in the technology of nuclear 
power for civilian use, and (c) to develop 
breeder type reactors to make full use of 
the nuclear energy latent in both uranium 
and thorium. 


Reactor Designs Evaluated by AEC 


Since these are not new objectives, 
but rather the original policy brought 
down to a more exact focus, let us 
turn to the recent AEC evaluation 
program on the current status of de- 
velopment and indicated economics 
of four major reactor types. Design 
studies were made on large pressur- 
ized water, boiling water, organic 
cooled and heavy water moderated 
reactors by AEC contractors who 
were each asked to determine the 
specific reactor concept variation 
and size for the most economic nu- 
clear power plant that could be built, 
starting construction in July 1960. 
They were asked also to prepare a 
conceptual design in sufficient detail 
to estimate capital and operating 
costs, research and development re- 
quirements and operating and safety 
characteristics. 

The AEC reports as follows on this 
evaluation program: 

“We have reviewed the design 
studies very carefully and have at- 
tempted to normalize the many fac- 
tors that enter into estimates of eco- 
nomics from such studies. We con- 
clude that none of the specific de- 
signs submitted is likely to be com- 
petitive with conventional units of 
the same capacity in any area of the 
United States where units of the size 
proposed would be used. A cost dif- 
ferential of one mil or more per 
kilowatt hour is probable. We con- 
clude further than there is no major 
difference in the cost of power to be 
expected among the boiling water, 
pressurized water, or organic reac- 
tors as designed—all having an esti- 
mated cost of power of perhaps eight 
to nine mils per kilowatt hour under 
the ground rules used. The estimated 
cost of power from the heavy water 
moderated reactor is at least one mil 
per kilowatt hour more than for the 
other three systems.” 

That we have not achieved low 
cost, competitive nuclear power that 
can be in production by 1964 is per- 
haps a disappointment to those who 
had higher hopes and lesser experi- 
ence in the development of new in- 
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dustries. To those who are more ma- 
ture in their judgment of new fron- 
tiers of science, and especially to all 
who have labored in the service of 
the peaceful atom, it is encouraging 
and gratifying to be so close. 

Many important technical achieve- 
ments are being made in our reactor 
development programs both govern- 
ment and in cooperation with in- 
dustry. 

However, with the economic 
“breakthrough” of large nuclear gen- 
erating stations yet in the future, it 
is necessary for businessmen who 
must plan for the short-term as well 
as for long-term periods ahead to 
recognize our current position. 

It would perhaps be today’s reac- 
tor development status that would 
lead to an outlook for the minimum 
estimate of 2000 MWe reported by 
the AIF survey in 1958 for the pe- 
riod through 1968. 

With continued achievement in our 
experimental programs and from op- 
erating experience to be gained from 
several large stations now being com- 
pleted it is possible that the next three 
years will justify substantial increase 
in this minimum projection. 


Foreign Incentives and Challanges 


Our situation differs from that 
which prevails in most of the rest of 
the world. In 1956, for example, it 
was necessary for Britain to import 
19 percent of its fuel requirements. 
Anticipated increases in coal produc- 
tion through large investment in 
modernizing mining will not exceed 
15 percent and will fail to fill the gap. 

The same situation exists in all the 
Euratom countries, which now im- 
port 25 percent of their energy re- 
quirements at a cost of some $2 bil- 
lion a year. By 1965 these import 
requirements will increase to $4 bil- 
lion a year and by 1975 to $6 billion 
a year. 

Because of the relatively high cost 
of coal and oil in Europe, the present 
range of the cost of power from new 


Stockpiled uranium 
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material for uranium 

oxide production at 

Vitro Chemical Com- 

pany’s Salt Lake City 
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plants using fossil fuels is from 50 
to 100 percent higher than the U. S. 
range. Moreover, the Suez develop- 
ments in the Middle East brought 
home the dangers of excessive de- 
pendence on oil from that area. 

In view of the different and com- 
pelling need which faces foreign 
countries in the matter of energy re- 
sources and production, we can sum- 
marize the challenge of nuclear ener- 
gy to meet this future as follows: 

(1) Fossil fuel costs are high and may 
move higher. Achieving immediate cost 
parity in nuclear plants and conventional 
plants is less important than the necessity 
of meeting and maintaining the growth in 
electric power loads. 

(2) Prospective foreign exchange sav- 
ings, by reducing future imports of fossil 
fuels, may help moderate balance of pay- 
ment problems of fuel-deficit nations. 

(3) An assured supply of nuclear fuel 
at stable or decreasing prices is preferable 
to the uncertain terms and availability of 
oil, the primary means of meeting the 
growth in power demands in most of the 
Free World outside the U. S. 

(4) Many nations, particularly the un- 
derdeveloped, are pursuing programs of 
rapid economic development while trying 
to reduce their dependence upon the older 
industrialized economies. Nuclear energy 
seems to promote this trend. 


Promise and Problems 


As a consequence of the potential 
situation abroad, it is not hard to see 
why so many have viewed the foreign 
market for nuclear power as develop- 
ing earlier and somewhat faster than 
on the domestic scene. Indeed, these 
are the underlying factors which have 
produced the estimates of nuclear 
power growth previously presented 
and which indicate total foreign nu- 
clear power installed by 1969 may 
be at least twice and possibly five to 
ten times the capacity constructed in 
this country in the same period. 

This is the promise, but now that 
the first flush of enthusiasm has paled 
we can begin to see the shadows of 
problems. 

First, there is in the writer’s opin- 
ion a degree of reluctance, perhaps 
not originally anticipated, on the part 


of foreign clients to accept the cur- 
rent economics of nuclear power sys- 
tems. They seem to have expected 
more than we are offering today. As 
a result while there is unquestionably 
a start on the road to nuclear power, 
instead of the fast start and a fast 
pace which presages record achieve- 
ment, we have seen a beginning which 
is described as cautious, critical and 
questioning. As evidence of this situ- 
ation we have the slow and difficult 
progress of the U. S.-Euratom pro- 
gram, despite the several assists and 
incentives which we had considered 
this agreement to provide. 

Next there is the question as to 
whether the need for new power in- 
stallations—however accurate the 
forecast for the longer term—may 
not have been overstated for the im- 
mediate future. 


Availability of Fossil Fuels 


There is the practical matter of 
coal costs as related to over-all inter- 
nal economic impacts and this in- 
evitably touches off a reaction in the 
political sectors which affect national 
policy and planning. Another factor 
is increasing unemployment of coal 
miners and more recently increasing 
unrest and actual revolt over this 
situation in Belgium and Germany. 

Even though it can be argued that 
this type of displacement is always 
marked by such problems and must 
eventually be overcome by the ulti- 
mate advantages of a new concept; 
it is clear that such situations, given 
added fuel in some circumstances by 
political motivations, must slow 
rather than hasten the start of large 
nuclear programs. 

At the same time there is the factor 
of new oil and new gas availability 
to Italy and France and accordingly 
to the Continent. The enhanced pros- 
pects which have resulted from re- 
cent Italian agreements in producing 
areas and from new discoveries in 
Sicily and the Sahara have received 
wide publicity. Again, even if such 
developments do not change the 
longer term projections for the 
growth of nuclear power, it is unreal 
to doubt that many will wish for the 
present to wait a bit and see. 


Nuclear Power in Underdeveloped 
Nations 


Finally, in order to look at a com- 
pletely different face of the problem, 
consider the example of a nation at 
present underdeveloped and with low 
income but in the course of rapid in- 
dustrialization. 

India has reserves of hydroelectric 
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Final arrangements for the 1960 AMC Convention and 
Exposition are nearing completion—pointing up the fact 
that time is growing short for making plans to attend the 
year’s most important meeting of metal miners and indus- 
trial minerals producers. 

The program, now firmed up, will be featured in the 
September issue. It is a well-rounded program that prom- 
ises to be of great interest and value to all mining men. 
Convention sessions will cover increasingly important mat- 
ters pertaining to National policies affecting minerals and 
new ideas in operating practice and technology. 

Requests for space at the exposition continue to be 
received, with some 200 leading manufacturers already 
planning displays of the latest in equipment and supplies. 
Operators will have plenty of time to consult manufac- 
turers’ technical representatives and an unequaled oppor- 
tunity to inspect and compare a wide variety of products 
used in exploration, production and treatment of minerals. 

The exposition, together with the convention sessions, 
will round out four full days of special activity designed to 
bring many new ideas to operating men—ideas that can 
mean real savings as well as more efficient and safer 
operations. 

Convention visitors will be free to enjoy the night-time 
attractions of Las Vegas to the fullest since no official AMC 
evening functions will be held. 


AMC Mining Show — Oct. 10-13 


Activities for the ladies will include a luncheon and 
fashion show on Tuesday, and on the following day a re- 
a at the beautiful home of Mr. and Mrs. Joseph W. 

ells. 

On Friday following the convention, two special trips 
are planned for the pleasure of convention-goers. One 
group will travel by bus to several nearby facilities, includ- 
ing the Apex kiln plant and one of the quarries of U. S. 
Lime Products Division of The Flintkote Co. At Hender- 
son they will visit the chlorine and caustic soda plant of 
Stauffer Chemical Co., the magnesium section of the inte- 
grated titanium plant of Titanium Metals Corp. of Amer- 
ica, and the chemical manufacturing facilities of American 
Potash & Chemical Corp. After a barbecue lunch at Blue 
Diamond, the group will tour the gypsum mining and manu- 
facturing operations of Blue Diamond Co., Division of The 
Flintkote Co. 

The second group, which will fly to Ely, will spend a day 
at the operations of Kennecott Copper Corporation’s 
Nevada Mines Division, where they will inspect the mine 
at Ruth and the mill and reduction plant at McGill before 
returning to Las Vegas in the late afternoon. 

Accommodatioas at Las Vegas’ many fine hotels and mo- 
tels are still available through the AMC Housing Bureau, 
Convention Center, Paradise Road, Las Vegas, Nevada. 


capacity of approximately 40,000 
MWe and her known coal reserves 
of 40,000,000,000 tons are not large 
by world standards. For the long 
term, then, if India is to achieve her 
industrial goals and not be hampered 


AUGUST 1960 


by a power shortage she too must look 
to nuclear power. While the country’s 
coal lies in the East and there is ma- 
jor electrical demand in the West, 
building railroads to move the coal 
would contribute to a strengthened 


The nuclear power 
plant being built at 
Indian Point, N. Y. 
by Consolidated Edi- 
son Co. is typical of 
installations which 
are making increased 
use of uranium fis- 
sion products. 


transport system needed for other 
commodities. 

Dr. Bhabba, who leads the Indian 
atomic energy program, has shown 
that in underdeveloped countries em- 
barking on a long period of industrial 
expansion, even with transporting 
coal 700 miles, the total investment in 
thermal generating capacity was less 
than that required per kilowatt of nu- 
clear power in distant areas. This 
was true even at an interest rate as 
low as 414 percent. 

India has made a major start on a 
nuclear program and has planned a 
most ambitious nuclear power pro- 
gram for the years ahead. Presenting 
this example illustrates the ultimate 
existence of large nuclear markets, 
the influence of political and general 
economic factors which tend to delay 
the development of these markets and 
emphasize that factors other than the 
progress of reactor technology alone 
will contribute to the acceptance of 
nuclear power as competitive. 
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Washing Cyclone 


By J. P. MATONEY 


Chief Engineer 
Special Apparatus Division 
Heyl & Patterson, Inc. 


. . « An efficient tool for fine coal preparation 


OME years ago, a research and 

development division of the en- 
gineering department of Heyl and 
Patterson, Inc., was established. One 
of the functions of this division was 
to study fine coal cleaning and water 
clarification problems, it being this 
group's responsibility to develop 
methods and equipment to solve 
problems associated with the process- 
ing of fine coal. 

It was soon developed that some 
improvement could be made in the 
methods used to clean fine coal; and 
that in the future, coal operators 
would be faced with cleaning more 
difficult coals at lower specific gravity 
than could be obtained by existing 
equipment in order to prepare the 
low ash-low sulphur coals required 
by more critical markets. 

‘Heyl and Patterson’s work on cy- 
clone thickeners was being conducted 
at the same time as the investigation 
of cleaning devices and processes. 
In laboratory testing of the cyclones, 
it was noticed that the cleanest coal 
could be found in the coarsest size 
fractions in the overflow stream of 
the cyclone. 


Operation Explained 
There have been many attempts 
made to explain the mechanics of a 
washing cyclone. It is generally 
agreed that when dense medium is 


Se 
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Cutaway view of a washing 
cyclone 


fed to a cyclone, gravity differentials 
are set up which vary from the air 
core to the cone wall and from the 
bottom of the vortex finder to the 
apex of the cone. Light elements in 
the feed float in towards the core; 
heavy elements in the feed stay 
against the cone wall or if caught in 
the central low gravity section of the 
cone, quickly sink away to the wall. 
The centrifugal effects within the ro- 
tating mass of medium water and 
feed solids, tend to multiply the 
specific gravity differences and ac- 
count for the amazingly sharp parti- 
tion curves which are observed. 

This picture, while undoubtedly 
valid, does not give a means of evalu- 
ating performance with differently 
constituted feeds, so the company has 
developed a somewhat different pic- 
ture. 

On figure 2 is plotted a typical cy- 
clone thickener or classifier curve 
with water used as the carrying 
liquid. The curve is invariably “S” 
shaped. Various points on the curve 
are identified in the figure and have 
been explained by several authors. 
The physical characteristics of the 
solids and the physical characteris- 
tics of the liquid carrier affect the 
shape and slope of the recovery curve 
for any given cyclone. 

Figure 3 shows a family of curves 
which illustrates how materials of 
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Fig. 2. A typical cyclone thickener or classifier curve with 

water used as the carrying liquid. The physical characteristics 

of the solids and of the liquid carrier affect the shape and 
slope of the recovery curve for any given cyclone 


PARTICLE SIZE 


Fig. 3. The family of curves illustrates how materials of varying 
specific gravity are recovered by a cyclone 


varying specific gravity are recov- 
ered by a cyclone. Since the liquid 
specific gravity is 1.40, the particles 
of 1.40 sp gr actually act as part 
of the liquid and split between un- 
derflow and overflow of the cyclone, 
according to the manner in which 
the feed volume splits, regardless of 
the particle size. Particles higher in 
specific gravity than the carrying 
liquid are recovered in the under- 
flow of the cyclone at increasing 
rates as the difference in specific 
gravity increases and particle size in- 
creases. Particles lower in specific 
gravity are discharged through the 
overflow orifice of the cone at in- 
creasing rates as the specific gravity 
difference increases and particle size 
increases. All the curves, however, 
begin at the fluid flow ratio point for 
the finest particles of any gravity. 
The fluid flow ratio is defined as the 
rate of fluid flowing from the under- 
flow to the rate of fluid flowing in the 
feed. Of course, this point is a limit- 
ing value for the recovery of the 
theoretical zero micron particle in 
the feed. 

When these facts are checked 
against the requirements of an ef- 
ficient specific gravity separator, it 
can be appreciated why a cyclone is 
an excellent fine coal washer. In a 
properly designed cyclone thickener, 
particles as small as 100 mesh are 
very easily collected with only traces 
of coarse material in the overflow. 
Because the requirement for a coal 
washer is that it collects refuse in 
one stream and coal in a second 
stream of particles generally larger 
than 28 mesh, the specific gravity 
separation can be made with nearly 
perfect accuracy. 


Eight-In. Cyclone Part of Test 
Equipment 


Some of the first tests conducted 
used an apparatus shown in figure 
4. The cyclone was eight in. in di- 
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ameter, and was fed by a vertical 
pump. The cyclone products were 
discharged to a vibrating screen 
which was partitioned to accept the 
refuse and clean coal products of the 
cyclone. Various combinations of 
feed, overflow, and underflow orifices 
were tested together with variations 
in coal feed sizes, media specific 
gravities, and feed pressures. 


Washing Efficiency Decreases as 
Particles Become Finer 


Among the first curves developed 
which are of primary interest is the 
family shown in figure 5. These show 
the performance of the eight-in. diam 
cyclone processing ¥4-in. by 0 bi- 
tuminous coal obtained from the 
Pittsburgh seam. During this test, in 
order to eliminate from considera- 
tions any effect of media size or con- 
centration, a medium of calcium 
chloride in water, at a specific gravity 
of 1.30, was used. The average wash- 
ing gravity obtained was 1.36. The 
following conclusions were reached 
by studying the curves: 

1. The slope of the separation curve 
decreases with particle size indi- 
eating, as in other cleaners, the 
washing efficiency decreases as 
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Fig. 4. Various com- 
binations of feed, 
overflow, and under- 
flow orifices were 


tested together with i 
variations in coal _oivioeo vierating 

feed sizes, media 
specific gravities, 


and feed pressures 


_SECTION 


the particles become finer. 

2. The specific gravity of separa- 
tion increases as the particles 
become finer. 

3. Average ecart probable is about 
0.02. Ecart probable for 18 by 
28-mesh coal is 0.035. 

Subsequent runs with media such 
as fine magnetite and barytes mixed 
with water to various specific gravi- 
ties were made. These tests showed 
sharp partitions. They also demon- 
strated that when a medium made up 
of finely ground materials of high 
specific gravity is used, there is an 
increase in washing gravity over 
medium gravity much greater than 
that shown by the true liquid. This 
increase in washing gravity is due 
to the concentration of the media 
solids by the centrifugal action of the 
cyclone itself. 

Figure 6 shows the separation 
curves for 14 in. by 28-mesh coal 
while using a medium of calcium 
chloride dissolved in water com- 
pared to the same coal in a medium 
of finely ground magnetite (Grade 
B, 95 percent—325 mesh). The 
curves show about the same slope, in- 
dicating equal washing efficiency, but 
with a 1.25 medium of magnetite a 
washing gravity of 1.35 was ob- 
tained and with a 1.30 gravity me- 
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Fig. 5. Curves show the performance of a cyclone processing 
Y4-in. by 0 bituminous coal from the Pittsburgh seam. Note 
that the slope of the separation curve decreases with particle 
size indicating that the washing efficiency decreases as the 


particles become finer 


dium a washing gravity of 1.45 was 
measured. The washing gravity with 
a 1.30 gravity solution of calcium 
chloride was 1.36, indicating an ef- 
fective increase in washing gravity 
of 0.09 when a granular medium is 
used in place of a heavy liquid. 

A second series of tests was then 
conducted in an attempt to evaluate 
the effects of feed pressure, media 
coal relationships, and variations in 
washing gravity with changes in ori- 
fice sizes. The description and _re- 
sults of these tests follow. 


Varying Feed Pressure Doesn’t 
Affect Performance 


To investigate the effect of chang- 
ing feed pressure on the cyclone 
washer, a series of tests were made 
varying the feed pressure with all 
other conditions held constant. The 
separation curve for two runs made 
on the cyclone at 10 and 20 psi feed 
pressure is shown in figure 7, As can 
be seen from the curve, no significant 
change in washing gravity or ef- 
ficiency occurred for only one curve 
can be drawn through the two sets 
of points. It can be concluded that 


mum is not a factor in performance. 
One of the references cited states: 
“The specific gravity of separation 
and the yield of the cleans increase 
slightly with increasing pressure.” 
This particular reference used five 
psi minimum. Fuel Research Insti- 
tute of South Africa in one of their 
papers on the washing cyclone also 
established five psi as the minimum 
pressure. Dutch State Mines uses 
about 81% psi feed pressure. (1.3 sp 
gr liquid.) 


Coal-Medium Ratio Investigated 


The coal-medium ratio has been 
the subject of much discussion for it 
is recognized that washing with a 
minimum of medium in circulation 
would minimize the media cleaning 
system. Various investigations have 
been made and it is generally be- 
lieved that at least five or six to one 
medium to coal by weight is_re- 
quired to wash bituminous coal at 
1.45 gravity. Such a relationship is 
based on a specific gravity of the feed 
of 1.30 using the natural tendency of 
the cyclone to wash at a_ specific 


Fig. 6. Separation curves for % in. by 28-mesh coal while using 
a medium of calcium chloride dissolved in water compared to 
the same coal in a medium of finely ground magnetite 


Orifice Variations Affect Separation 
Gravity, Tonnage Processed 


Varying the overflow and under- 
flow orifices of a washing cyclone 
affect. principally the separation 
gravity and the tonnage processed. 
Increasing the size of the overflow 
orifice causes an increase in the 
washing gravity; a decrease in un- 
derflow orifice size has the same 
effect. Increasing the feed orifice 
causes little change in washing grav- 
ity until the capacity of the under- 
flow or overflow orifice for removing 
the products of the cone is exceeded. | 
Changes in orifices cannot be made 
freely without considering the effect 
on the sharpness of separation. 
Changes in the underflow orifice have 
the most effect on the washing cy- 
clone. Figure 8 shows the effect of 
changing the underflow orifice on a 
cyclone while holding other condi- 
tions constant. 


Bituminous Coal Performances Cited 

Figure 9 shows the results of a 
washing cyclone test on a 4-in. by 0 
raw coal using a medium of mag- 


feed pressure above a certain mini- gravity higher than the feed gravity. netite at 1.26 sp gr. The specific 
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Fig. 7. Investigating the effect of changing feed pressure on 
the cyclone washer. Since only one curve can be drawn through 
the two sets of points, it can be concluded that feed pressure Fig. 8. The effect of changing the underflow orifice on a cy- 
above a certain minimum is not a factor in performance clone while holding other conditions constant , 
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Table |. Data for figure 9. The specific gravity of the overflow 
| slurry was 1.22 and the underflow specific gravity was 1.51 


Size Increments in U. S. Mesh 


4x Bx 10x 18x 
Gravity 4% 8 10 18 35 
1.25/1.30 97.9 95.0 936 94.5 92.9 
130/135 835 79.4 79.5 85.9 842 
135/140 16.0 165 21.7 181 512 
140/145 — 12 28 110 262 
1.45/1.50 02 15 206 
1.55/1.60 15 
1.60-S 0.2 


gravity of the overflow slurry was 
1.22 and the underflow specific grav- 
ity was 1.51. The curves show the 
variation in washing efficiency with 
particle size. Table I shows the data 
from which the curves were de- 
veloped. 

On figure 10 the data are shown 
plotted in the same manner as the 
curve shown in figure 3. The sim- 
ilarity is apparent and is sufficient 
evidence of the validity of the rea- 
soning used in the writer’s explana- 
tion of the operation of the cyclone 
washer. 

Tests have also shown that the 
shape of the washing cyclone sep- 
aration curve varies very little with 
washing gravity or the amount of 
near-gravity material present in the 
feed. Consequently, the curves in fig- 
ure 9 can be used to predict the prod- 
ucts of a cyclone washer at any sep- 
aration gravity merely by adjusting 
the specific gravity scale as shown. 


Washing Cyclone Performs Equally 
Well on Anthracite 

While the preceding data have 
been given in terms of washing bi- 
tuminous coals, the washing cyclone 
can perform equally well on an- 
thracite coal. The results given in 
table Il were obtained in an eight- 
in. cyclone in the Heyl and Patterson 
laboratory with anthracite culm bank 
material. The data show effective 
washing down to 100 mesh on this 
sample. The washing gravity was 
1.90 with a medium gravity of 1.30. 
A second run made on similar ma- 
terial at a medium gravity of 1.50 
produced a washing gravity of 2.05. 
The results of this run are shown in 
table III. The fact that the cyclone 
can wash a wide size range of an- 
thracite coal in one washing vessel is 
also a very definite advantage. 

These tests contributed information 
which led to the purchase of a dense 
medium plant incorporating washing 
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Fig. 9. Results of a washing cyclone test on %-in. by 0 raw 


coal using a medium of magnetite at 1.26 sp gr. The curves 


show the variation in washing efficiency with particle size. See 
table | for the data from which the curves were developed 
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cyclones by a prominent anthracite 
producer. The plant is under con- 
struction and will be in operation 
this summer. 


Media Recovery Circuit—Most 
Difficult Design Problem 


The media recovery circuit used 
with a washing cyclone plant is ac- 
tually the most difficult design prob- 
lem for the preparation engineer. 
The classic dense media circuit for 
coarse coal as shown in the block 
diagram in figure 11 will be used 
with modifications for a washing cy- 
clone plant. Since separations at 14 
mm to 4% mm will be required in the 
desliming and media recovery cir- 
cuits, the separations are more dif- 
ficult than for coarse coal washers. 

The raw coal desliming step can 
best be accomplished by the use of 
a combination of sieve bends and 
pool washing type screens. The sieve 
bend permits a preliminary sizing of 
the material at low cost and a mini- 
mum of space and power. A vibrating 
screen on the sieve bend product is 
required in order to further dewater 
the cake and remove additional fines 
before the coal is placed in the wash- 
ing cyclone feed sump. 


PARTICLE SIZE MICRONS 


Cyclone Selection Depends on Size 
Distribution of Coal 


The size and number of cyclones 
required for the washing step will 
depend upon the size distribution and 
washability of the raw coal. Large 
diameter cones can be used—that is, 
greater than 14 in. diam—where the 
feed consists of material greater than 
one mm. For bituminous coal wash- 
ers for the 14 in. to 28-mesh range, 
the 24-in. cyclone would have very 
little difficulty matching the per- 
formance shown in the laboratory 
tests in this article. For material pre- 
dominantly minus one mm in size, 
such as the anthracite solids shown in 
tables II and III, a 14-in. cyclone 
should be used. The 14-in. unit can 
process approximately 25 tph and 
the 24-in. cyclone can process ap- 
proximately 50 tph of raw coal solids. 

In determining the number of cy- 
clones used for a given washing job, 
extreme care should be used. A wash- 
ing cyclone designed to use 1.30 sp 
gr medium to wash at 1.45 gravity 
requires that the overflow and un- 
derflow orifices have a fixed relation- 
ship. It is possible in selecting the 
sizes of orifices to choose an under- 
flow orifice too small to pass high 
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refuse loads. It then would be neces- 
sary to increase the underflow orifice 
diameter to pass the high refuse loads 
and at the same time to increase the 


medium gravity in the feed to ob- 
tain separation at the same washing 
gravity. For design purposes, the 
washing gravity should be as close 
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Fig. 11. Classic dense media circuit for coarse coal. It will be 
used with modifications for a washing cyclone plant 


| Table II. Results obtained in an eight-in. cyclone with anthra- 
| cite culm bank material. The washing gravity was 1.90 with a 
| medium gravity of 1.30; yield was 67 percent. Data show effec- 
| tive washing down to 100 mesh on this sample 
Feed Clean Coal Refuse 
| Size 
Wt. Ash Wt. Ash Wt. Ash 
| 9x 16 43 16.7 4.9 7.7 30 7 
} 16x 32 32.3 20.9 33.5 10.0 30.0 7 
32x 60 39.1 332 39.9 10.3 38.0 79, 
60 x 100 20.0 76.6 18.9 18.7 22.0 87.5 
| 100 x 150 ‘S 3 2.8 10.4 7.0 95 
| Totals. 32.5 100.0 13.0 100.0 82.0 
| 
Table Ill. Results of a second run made on anthracite culm 
bank material with an eight-in. cyclone at a medium gravity 
of 1.50. A washing gravity of 2.05 was produced and the yield 
was 80.9 percent 
Size Feed Clean Coal Refuse 
U.S. 
Mesh Wt. Ash Wt. Ash Wt. Ash 
+ 05 0.6 11.0 
9x 16 4.0 18.5 45 104 21 825 
16x 32 834 232 24.7 87.5 
32x 60 39.9 31.0 38.4 13.6 458 91.1 | 
60 « 100 17.7 38.4 16.5 20.0 23.0 92.5 
100 x 150 45 165 15 47.8 44 91.7 
Totals 100.0 31.6 100.0 15.9 100.0 91.3 
Specific Gravity Recovery 
Float 15 99.9 | 
1.5 x 1.6 99.9 | 
1.6 1.7 99.9 | 
1.7 x 1.8 99.6 
| 1.8 x 1.9 96.0 | 
1.9 x 2.0 85.3 
Sink 2.0 00.5 
| 
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SCREEN INEFFICIENCY 


to the feed gravity as possible, thus 
minimizing the concentration of the 
medium by the cyclone. If this de- 


sign basis is used, the underflow ori- 


Fig. 12. Washing cyclones in advanced stage of installation. 


jobs, particularly where there is an excessive amount of near 
gravity material, where the required washing gravity is low, 
Al) and where the washing characteristics of the raw coal vary 
within wide limits 
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LZ The cyclone plant will predominate for the difficult washing 
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fice will be capable of passing varying 
refuse loads without difficulty. 

The products of the cyclone should 
be drained of as much media as pos- 
sible before the remainder is diluted 
with spray water. The medium im- 
mediately drained from the coal can 
be directed back to the dense medium 
sump without further processing. The 
medium remaining on the coal of 
course is a function of the size dis- 
tribution and particle shape but in 
general upwards of 90 percent of the 
medium will drain from the products. 

Pool washing type screens are be- 
ing used for the rinsing steps on the 
iron range in washing cyclone plants 
where non-magnetic ores are proc- 
essed. For the washing of fine coal 
to 44 mm, this type of screen is best 
suited for the removal of the medium 
adhering to the particles after drain- 
age. These screens work on the prin- 
ciple of reslurrying the screen cake 
so that the medium adhering to the 
coal particles is diluted and, because 
of its high specific gravity, drains 
from the coal quite rapidly. 

The medium and coal solids con- 
tained in the rinsing screen effluent 
must be separated, the media thick- 
ened for return to the washing cy- 
clone feed sump, and the contami- 
nating coal solids produced by screen 
inefliciency and degradation removed 
from the washing cyclone circuit. 
There are many variations and in- 
novations used on this part of the 
circuit, for the equipment required 
is expensive and occupies a large 
amount of space. Thickeners, both 
the cyclone and static type, can be 
used to thicken the medium and coal 
solids ahead of the magnetic separa- 
tors. Magnetic separators are sized 
on a volume basis up to certain limit- 
ing concentrations so that thickening 
the feed reduces the size of the mag- 


netic separator installation. The con- 
centrate from the magnetic separators 
can be added directly to the washing 
cyclone feed sump without additional 
thickening. The tailings from the 
magnetic separator and the effluent 
of the raw coal desliming screens are 
removed from the circuit to minimize 
build-up of fine coal solids in the 
circuit. 


Density Controls Limit Excessive 
Swings in Medium Gravity 


Density controls may be added to 
the cyclone washing circuit to limit 
excessive swings in medium gravity. 
These may either be automatic or 
manual depending upon the opera- 
tor’s preference. In a washing cy- 
clone circuit, very little magnetite is 
held in storage in any vessel so the 
absolute need for automatic controls 
has not been established. There are 
any number of specific gravity con- 
trol methods which can be used for 
this service. 

After many years of testing, the 
washing cyclone has been introduced 
to the coal operators as a new and 
efficient tool for fine coal preparation. 
The washing cyclone, undoubtedly, 
will find a large and receptive market 
because it has many advantages over 
presently used processes. Of course, 
not all future fine coal plants will 
employ the washing cyclone; how- 
ever, the cyclone plant will predomi- 
nate for the difficult washing jobs, 
particularly where there is: 

A) An excessive amount of near 

gravity material. 

B) Where the required washing 

gravity is low. 

C) Where the washing characteris- 

tics of the raw coal vary within 
wide limits. 


For these difficult conditions, the 
washing cyclone is undoubtedly the 


most practical fine coal cleaning de- 
vice known at this time. 
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Rock 


Mechanics 


By JOHN S. RINEHART 


Director, Mining Research Laboratory 
Professor of Mining Engineering 
Colorado School of Mines 


HE science of rock mechanics, a 

rational physical description of 
how rocks behave under stresses, is in 
its infancy. Rock mechanics has never 
been utilized as the sole basis for the 
design of an operating mine, but there 
is no reason for not believing that ulti- 
mately mine design can be placed on 
the same reasonably firm scientific 
and engineering foundation that the 
design of buildings, highways and 
bridges now enjoy. 

The transition will not and cannot 
be abrupt. It is certain though, that 
the great body of principles and facts 
which form the embryonic science of 
rock mechanics will contribute signifi- 
cantly to this transition although spe- 
cific applications may not yet be ap- 
parent. 


Nature of Rock Mechanics 


The principles of rock mechanics 
delineate how rock behaves when it is 
subjected to mechanical stresses, both 
static and dynamic. The rock may be 
an in situ ore body through which 
mining operations are progressing, it 
may be a small pebble which is to be 
crushed, or it may be a sizable block 
to be used as a structural member in 
a building. 

The problem pursued by the rock 
mechanician is an age old one: to 
predict what will happen when a cer- 
tain thing, usually quite specific, is 
done to the rock. In the various min- 
ing operations the in situ rock is 
greatly disturbed, producing a multi- 
tude of reactions within the rock; 
some of which can be used to advan- 
tage and others of which raise serious 
problems. The ultimate goal of the 
rock mechanician is to describe ac- 
curately what will happen in all situ- 
ations which the mining engineer is 
likely to encounter. 
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Fig. 1. A typical stress field. This field 
would be produced by a strip load act- 
ing on a semi-infinite plane 


The science of the strength of ma- 
terials began about 1650 with Gali- 
leo, who established the first labora- 
tory test for determining the strength 
of materials. He simply affixed a bar 
of material rigidly at one end and 
pulled on the other end until the bar 
broke. This test is now, of course, 
done routinely in all materials testing 
laboratories. 


Relationship of Stress to Strain 


Later Hooke (circa 1680) in Eng- 
land discovered the physical law that 
bears his name. This states that: as 
the extension, so the force; or when 
only mildly stressed, most solids will 
extend themselves in direct proportion 
to the magnitude of the applied stress 
and on removal of the stress will re- 
turn to their original configurations. 
No real material behaves exactly in 
this way, but the approximation is a 
good and exceedingly useful one. 
Hooke’s law, by establishing a defi- 
nite and conveniently simple relation- 
ship between stress and strain, both 
of which are amenable to precise 
mathematical expressions, provided 
the keystone for the mathematical 
theory of elasticity. 


The substantial activity among ap- 
plied mathematicians”’* which it ini- 
tiated still continues undiminished, 
the problems becoming ever more 
complex. The usual problem is, know- 
ing the distribution of the applied 
stress, to compute the stress or strain 
at every point within the body, the 
body frequently being some structure 
of engineering interest but occasion- 
ally simply chosen to satisfy the 
mathematician’s desire to solve an in- 
teresting and challenging problem. 

As long as a definite relationship is 
assumed between stress and strain, it 
is immaterial whether stress or strain 
is used as the parameter: knowing 
the distribution of strain, the distri- 
bution of stress which is causing it 
can always be found. The stress dis- 
tribution so determined can then usu- 
ally be best displayed graphically as 
a stress field, with the lines giving 
both direction and magnitude of 
stress (figure 1). 


Measurement of Stresses 


Practical problems abound that 
even the most astute of mathemati- 
cians cannot hope to solve. Fortu- 
nately, in recent years the experi- 
mental stress analyst has developed 
two powerful tools, photoelastic tech- 
niques and electric strain gages, both 
invaluable for determining the distri- 
bution of strain, and consequently 
stress, within complex bodies. 

Photoelastic observations depend 
upon the fact that, in a transparent 
nonuniformly strained body, light 
travels at a different velocity through 
the strained regions than through the 
unstrained regions, the difference in 
velocity being strictly proportional to 
the strain. The waves of light, travel- 
ing at different velocities interfere 
with one another to produce light 
patterns characteristic of the inho- 
mogeneities in strain. 

Detailed analysis of the light pat- 
tern gives the state of strain, hence 
stress, at every point in ihe body. 
The method only works well with two 
dimensional bodies such as _ plates 
where the strain can be considered 
uniform across the thickness of the 
plate. Certain photoelasticians have 
been clever enough to successfully 
apply the method to a few three di- 
mensional bodies. 

The electric strain gage,’ invented 
in the iate 1920’s, operates on the 
principle that straining will change 
the electrical resistance of a small wire 
because of the dimensional changes 
in the wire. Such gages are rigidly 
affixed to the surfaces of bodies which 
are then stressed in some preselected 
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way. The gages usually read only sur- 
face strains, it seldom being physi- 
cally possible to mount them inside 
the body under study. Whereas photo- 
elastic techniques are limited to elas- 
tic, recoverable strains, the electric 
strain gage will measure permanent 
deformations. 

Each method, mathematical, photo- 
elastic or strain gages, has severe lim- 
itations so that it is virtually impossi- 
ble to determine precisely the state of 
stress and state of strain in most sit- 
uations of engineering importance. 
The closeness of correspondence be- 
tween the theoretical state and the 
actual state will be governed by a 
wide variety of factors. 


Rock Failure Not Elastic Process 


Over the years, the theoretical and 
experimental stress analysts have 
built up great funds of information on 
a wide variety of problems. In mining 
studies, emphasis has been on the de- 
scription of stress and strain fields 
around openings of many types and 
configurations simulating mines:*~° 
single openings, round, square, and 
elliptical; and sets of multiple open- 
ings. Since these studies describe only 
the elastic behavior of structures 
under a preselected and hypothetical 
set of stress conditions, the results 
cannot be directly applied to the prac- 
tical design of mine openings. 

Rock failure, the major concern of 
the mining engineer, cannot quite 
obviously be an elastic process, being 
strictly irreversible. Thus, Hooke’s 
law does not apply and photoelastic 
solutions to problems are no longer 
valid. The problem is actually the de- 
scription of qualities of failure, crush- 
ing, plastic flow, fracturing; and the 
establishment of criteria to define 
under what specific conditions each 
quality of failure will be initiated and 
propagated. It is in this area that the 
theoreticians and  experimentalists 
have not contributed significantly. 


Criteria of Failure 


The problem in mining is to ex- 
tract specific segments of rock, leav- 
ing the remainder in place, in such a 
way as to maintain complete control 
at all stages of the process. Complete 
control involves either preventing the 
collapse of mine openings or deliber- 
ately initiating their collapse. 

Although much effort has been put 
forth,’° it is still impossible to describe 
precisely and accurately in a scien- 
tific manner the state of affairs that 
will initiate and propagate failures. 

Generally, in rock, concentrations 
of high stress with their pronounced 
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Fig. 2. Stress-strain curves for sandstone and limestone 


stress gradients produce strains ex- 
ceeding the elastic endurance of the 
rock. Fracturing or crushing will then 
occur relieving and redistributing the 
stress: the failures continuing until 
the body comes to elastic equilibrium. 

There are many qualities of fail- 
ure. A stressed rock may fail simply 
by deforming slowly under an ap- 
plied load until the load is distributed 
such that it is no longer able to pro- 
duce further deformation. Loaded 
beams of potash or ice will flow in this 
fashion. Or the stressed rock may 
fracture almost explosively without 
significant prior deformation when 
the load reaches a certain level. The 
nature of these inelastic behavior pat- 
terns vary widely among rocks, some 
rock becoming more resistant to de- 
formation as the stress increases and 
others less resistant. 

The greatest room for advance- 
ment in rock mechanics lies in devel- 
oping sound theory and amassing ex- 
perimental data which can form the 
basis for the establishment of unam- 
biguous and realistic criteria for fail- 
ure. 


Stressed Rocks Nearly Obey 
Hooke’s Law 


Small masses of rock, the kind gen- 
erally used for laboratory tests, are 
usually reasonably coherent and iso- 
tropic. Small rocks when mildly 
stressed act as quasi-elastic bodies," 
almost but not quite obeying Hooke’s 
law: the stress-strain curve is seldom 
perfectly straight, being sometimes 
concave upward, sometimes concave 
downward and occasionally having a 
point of inflexion. 

A sandstone, with its unfilled inter- 
stices which quickly fill up during 


early stages of compression, exhibits 
a stress-strain curve bending upward 
(figure 2); while limestone, with its 
interstices already filled with soluble 
material, shows great resistance to 
deformation during early stages, fail- 
ing gradually at first but more rapidly 
once substantial deformation sets in. 

Rocks have compressive, tensile, 
and shear strengths which are fairly 
constant from sample to sample of the 
same rock. They are weak in tension, 
a few hundred pounds per square inch 
breaking strength, but thirty to sev- 
enty times as strong in compression. 
Values of tensile and compressive 
strengths of three typical rock types 
are listed below. 


Rock (A) (B) A/B 
Type Com- Tensile 
pression Ss 
(b/in*) 
Granite 28,000 410 68 
Sandstone 18,000 310 58 
Limestone 10,000 400 25 
Under fairly rapidly changing 


loads, rocks fracture in a brittle fash- 
ion, there being no flow of the rock 
mass. The path the fracture will take 
can usually be associated with certain 
shear or tensile components of the 
stress field. 


Study of Large Rock Masses 


Large, in situ rock masses are 
heterogeneous, being rife with veins, 
jointed structures, fissures, faults, 
and changes in composition. This is 
particularly true of those rocks con- 
tiguous to ore bodies for it is these 
very inhomogeneities which caused 
the ore to be deposited in the first 
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place. The distribution of stress and 
strain within such a conglomerate 
mass could not conceivably be simple; 
the great inhomogeneities in stress 
and strain must exist. 

Usually the theoretical rock mech- 
anician has no alternative but to 
treat the rock mass as homogenous. 
He must then decide whether the mass 
is acting like a great body of fluid, 
with hydrostatic pressure being the 
principal stress parameter; whether 
it is acting like an elastic solid with 
lateral constraints governed by Pois- 
son’s ratio: or, whether it is acting 
like a solid without any lateral con- 
straint. Having made his choice, he 
then solves his problem. Qualitatively, 
the solutions are not vastly different: 
quantitatively, computed critical 
stresses may differ by factors of two 
or three depending upon the assump- 
tions made. 

There is a great need for the experi- 
mental determination of the distribu- 
tion of stresses in in situ rock. Hast'* 
has made an excellent start in this di- 
rection. He places a specially designed 
strain gage in a large rock mass and 
then relieves the stresses in the rock 
by cutting away from the parent mass 
that portion which contains the gage. 
The actual pre-existing stress field in 
the area in which the mine openings 
are to be made must be known before 
mine design can be put on a rational 
basis. 

Whatever may be the state of stress 
and strain within the rock mass, in- 
troduction of mine openings will 
change them, often drastically. The 
main effect will be to create pro- 
nounced concentrations of stress close 
to the openings as illustrated in fig- 
ure 3. Failure will ensue if the rock is 
not physically strong enough to with- 
stand these new concentrations of 
stress. 

The problem in mine design is to 
make the openings of such shapes and 
so oriented that potentially damaging 
and dangerous concentrations of stress 
do not develop during or subsequent 
to the operation. 


Loose or Semi-Loose Rocks Surround 
All Mine Openings 

The practical mining engineer nat- 
urally objects to these theoretical 
studies. Mine openings are not regu- 
lar geometrical shapes, surrounded 
by isotropic, homogeneous rock; the 
rock sides of the openings are not 
smooth but irregular; the skin is fre- 
quently cracked and broken up, re- 
lieving any stresses that might have 
been built up during production of 
the opening. As in most practical en- 
gineering problems, theory and cor- 
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Fig. 3. Disturbance of stress distri- 
bution by introduction of two mine 
openings 


Fig. 4. Probable stresses around a 
rectangular mine opening 
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Fig. 5. Comparison of theoretical stress 

distribution and the probable actual 

stress distribution (isotropic homogen- 
eous plastic body assumed) 


ollary experiment must be combined 
in proper proportion with practical 
know-how to form the best possible 
picture of the real situation. 

Spalding’® has one realistic ap- 
proach to the problem which is repre- 
sentative of the way in which rock 
mechanics must eventually find its 
greatest application to mine design. 
He postulates that the rock around 
the opening relieves stress by failing, 
the result being that all mine open- 
ings are surrounded with a zone of 
loose, or semi-loose, rock outside of 
which is solid rock under increased 
stress (figures 4, 5). 

Breaking up of the rock leads to 
arching, the effect of which is to 


change the shape of the gallery from 
the inefficient irregular section exca- 
vated to one better adapted to with- 
stand the extra stresses caused in the 
rock. He goes further then and con- 
siders qualitatively the influence of 
faults, fissures, and other geologic 
discontinuities on the changing stress 
fields accompanying the progress of 
a mining operation such as the ex- 
traction of a lens shape ore body con- 
tiguous to a fissure. He is able, by 
making a few reasonable and rela- 
tively simple assumptions to explain 
the origin of certain common types 
of rock bursts and other structural 
failures. 


Future Outlook 

It is inevitable that in the years 
ahead mining will become more of a 
science and less of an art. Mines will 
be designed on a rational scientific 
basis just as other important struc- 
tures are now. The designers of the 
mines will be engineers, not scientists, 
the scientist’s task being to provide the 
scientific foundation for the proce- 
dures used by the engineers. The sci- 
ence of rock mechanics will con- 
tribute heavily, with many of its most 
significant contributions coming about 
in unforeseen and unexpected ways. 
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Three Principles of Comminution 


By FRED C. BOND 


Consulting Engineer 
Processing Machinery Department 
Allis-Chalmers Mfg. Co. 


The study of comminution theory 
is about 100 years old. Numer- 
ous experiments have been per- 
formed, mathematical studies 
made, and papers written, but 
the subject still generates more 
heat than light. There is no gen- 
eral agreement as to the correct 
theory, and little agreement be- 
tween some of the theories and 
commercial crushing and grind- 
ing operations. Perhaps a fresh 
attempt to enunciate the basic 
principles involved is in order. 


foe objective is the discovery of 
the correct relationship between 
useful energy input and the product 
particle size made from a given feed 
size. This would seem to be fairly 
simple of attainment, but it has 
proved far otherwise. 

Much of the difficulty stems from 
disagreement as to the nature or 
definition of useful energy input and 
of product particle size. The useful 
energy input will be discussed first. 


The First Principle 


Energy input is required to reduce 
particle size, so that all divided par- 
ticles of finite size have by definition 
required energy input in their forma- 
tion. Feed particles to comminution 
represent a certain energy register, or 
energy input level, and the energy 
input during comminution should be 
added to the energy register of the 
feed before comminution in order to 
obtain the energy level represented 
by the comminution product. In other 
words, the comminution energy regis- 
ter is zero only for particles of in- 
finite size, and the energy input re- 
quired for comminution from a 
finite feed size is only a fraction of 
the total energy input represented by 
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the product. This is of sufficient im- 
portance to be called the first prin- 
ciple of comminution analysis. 

If w represents the specific input 
during comminution from a feed par- 
ticle of size f to product particles of 
size p, then 

(1) 
p” 
where & is a constant and n is an 
exponent to be discussed later. An 
equation which can be resolved into 
the general form: 


energy energy register 
input of product 
energy register 


of feed 


should be used in analyzing all com- 
minution problems. If this first prin- 
ciple is not followed the results will 
be distorted to a false zero energy 
register. 

The term “energy register” is used 
in this article to designate the amount 
of energy which has passed through 
the material as strain energy and 
registered as particle size reduction. 
It does not correspond to energy con- 
tent as usually understood. 


The following calculation of a typi- 
cal case illustrates the erroneous re- 
sults obtained when the energy regis- 
ter of the feed is disregarded, which 
means that the first principle is dis- 
regarded. A hypothetical ball mill 
feed has a product size of 1000 mi- 
crons and an energy register of four 
kwh per ton. It is ground with energy 
input increments of two kwh per ton 
with product sizes as listed below. 


KWH Per Ton 


Feed Prod- Prod- Microns 
En uct uct Product 
a En- En- Si 
ere) ome Size 
— Input Reg- 
ister ((W) sister 
4 0 4 1000 
4 2 6 445 
4 4 8 258 
4 6 10 160.5 
4 8 12 111.0 
4 10 14 $1.6 


In figure 1 the product size in mi- 
crons is plotted on log-log paper 
against the product energy register 
as line A and against the product 
energy input as line B. Line A is in 


Fig. 1. Product size 
in microns plotted 
against product en- 
ergy register (line A) 
and against product 
energy input (line B) 
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accord with the first principle; it is 
straight with a slope of — % as re- 
quired by the Third Theory of Com- 
minution.'. Line B_ represents the 
same data but is plotted without re- 
gard to the energy register of the 
feed. Its slope is approximately minus 
one, and it indicates erroneously 
that the grinding data listed are in 
approximate agreement with the Rit- 
tinger Theory.* 

Disregarding the energy register of 
the feed in comminution calculations 
is rather like disregarding a person’s 
present age in computing his future 
life expectancy, with strain energy 
units taking the place of years. 

Disregard of the first principle has 
been quite common in analyzing 
comminution experiments. Especially 
in test results which support the Rit- 
tinger Theory, that the useful work 
input is proportional to the surface 
area produced, has the energy regis- 
ter of the feed been commonly as- 
sumed to be zero. 


Definition of Useful Energy 


Another item in much dispute con- 
cerns the definition of useful energy. 
Proponents of the Rittinger Theory 
have tended to equate it with the 
surface energy of the exposed surface 
area, even though this amounts to a 
fraction of the order of 1/1000 of the 
actual energy input required for 
breakage. 

In ordinary crushing and grinding 
rock particles absorb strain energy 
and are deformed under compression 
or shear until the weakest flaw in the 
particle fails with the formation of a 
crack tip. This minute change of 
shape causes other crack tips to form, 
and the particle breaks, releasing the 
bulk of the strain energy as heat. 

It may be that some time in the 
future a method of breaking rock will 
be developed which does not require 
strain energy. However, at present all 
commercial crushing and grinding, 
and nearly all comminution labora- 
tory testing, are accomplished prin- 
cipally by the conversion of mechani- 
cal energy into strain energy into 
heat. It seems to the author that we 
must deal with the efficiency of this 
conversion in relation to the efficiency 
of particle size reduction in any com- 
minution studies of practical im- 
portance. This does not mean that the 
search for a more efficient method 
not requiring strain energy conver- 
sion should cease, but it does mean 
that studies which do not involve 
strain energy conversion have little 
or no practical application at the 
present time. The amount of effec- 
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tive strain energy conversion is des- 
ignated here as the energy register. 


Evaluation of Particle Size 


If there is little agreement on use- 
ful energy input in comminution, 
there is still less on measurement and 
evaluation of the product and feed 
sizes. A comminution product con- 
tains particles of all sizes ranging 
down to the grind limit at 0.1 mi- 
cron and possibly below. The natural 
distribution of these sizes, and the 
effective summation of the product 
size into a simple term for evaluation 
of the work done, constitutes a study 
which could fill volumes and cannot 
be completely reviewed here. 

The most popular method of repre- 
senting size distribution analyses at 
the present time is the log-log plot, 
in which the percent passing y is 
plotted as ordinate on log-log paper 
against the micron size x. A straight 
line on this paper follows a power 
law, in which 


100 (=) (2) 


where k,oo is the intercept of the ex- 
tended straight line with 100 per- 
cent passing at the top of the chart, 
and «@ is the slope of the line. This is 
the Schuhmann equation,? or the 
Gates-Gaudin-Schuhmann equation, as 
it is sometimes called. 

The surface area Se in square 
centimeters per gram of cubical par- 
ticles of density p with 100 percent 
passing k,o9 microns and slope © to a 
grind limit of Z microns is 


60,000 «a 
pk ioo(1 = a) 


(te) @ 


The trouble with the Schuhmann 
power law equation is that the plotted 
size distributions of most complete 
comminution products do not follow 
the indicated straight line. Instead, 
they form long sweeping curves in 
the upper portion of the plot, which 
tend to approach tangency with the 
100 percent passing line at the top of 
the chart rather than to intersect it. 

The tendency of the plotted log-log 
size distribution line to become tan- 
gent to the 100 percent passing line 
suggests that the proper size distribu- 
tion law is of the exponential type 
with a variable exponent rather than 
of the power type with a fixed ex- 
ponent. Equations of the exponential 
type have been developed by Rosin- 
Rammler*® and later by the author.* 

The Rosin-Rammler type of plot 
has been much used in Europe, par- 


ticularly in analyzing coal. Its size 
distribution line tends to be straighter 
than the Schuhmann line, but still 
usually shows some curvature. Its 
equation is 


100 —y = 100/e»" (4) 


where B and n are constants. 

The Third Theory size distribution 
plot* requires modified semilog plot- 
ting paper. The size distribution line 
equation is 


100 - y = (5) 


where x represents the total work in- 
put or energy register, b is the 
100-—y intercept, and a is a con- 
stant. Actual homogeneous size dis- 
tribution plots appear to follow the 
straight line of equation (5) quite 
well, and natural or induced grain 
sizes or fines removal are definitely 
indicated by curves in the plot. Ac- 
cording to the Third Theory of com- 
minution the useful work input is 
proportional to the crack length pro- 
duced, and a method for finding the 
crack length from the size distribu- 
tion plot is given.* 


Specific Energy Input 


Some value which is proportional 
to the specific energy input, or energy 
register, must be assigned to the feed 
and product before the general com- 
minution problem can be solved. 
Many different values have been used. 

Proponents of the Rittinger Theory 
tend to use some surface area value. 
The surface areas may be measured 
directly by the gas adsorption method, 
or the air permeability method, or 
they may be calculated from a va- 
riety of particle size distribution 
measurements by different methods, 
including that of equation (3) with 
corrections for variations in particle 
shape. The calculated values usually 
require some lower limit of particle 
size; such as the grind limit at 0.1 
micron. 

However, the primary considera- 
tion in most comminution operations, 
and especially in the grinding of ores 
and minerals, is the size of the 
coarser particles in the product. The 
kyoo intercept of the Schuhmann ex- 
tended size distribution line on the 
log-log plot has been much used as a 
working criterion of the comminu- 
tion energy register of the product, 
and sometimes of the feed. 

Since the actual plotted size distri- 
bution line usually departs widely 
from the kjoo intercept, use of the in- 
tercept is a better criterion of the fine 
particle sizes than of the coarse sizes. 
In the Third Theory equation the 
actual 80 percent passing size or Kgo 
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point is used.’ If P represents the size 
which 80 percent of the feed passes 
W is work input in kilowatt hours per 
short tone, and Wi is the work index 
parameter, then 


w 19Wi_10Wi 
\/P VF 


When any three of the four quanti- 
ties in this equation are known the 
fourth can be found by transposing 
the equation. The energy input in 
joules or watt-seconds per gram is ob- 
tained by multiplying kilowatt hours 
per ton by 3.97. 


The Second Principle 


The Third Theory equation follows 
the first principle that the energy in- 
put equals the energy register of the 
product minus the energy register of 
the feed. It has proved extremely use- 
ful in solving commercial crushing 
and grinding problems. More than 
2000 work index measurements have 
been made by laboratory testing, and 
most of these have been used in com- 
mercial installations. 

The general comminution equation 
(1) has the product and feed sizes 
raised to an indeterminate exponent. 
In the Third Theory equation the 
value of the exponent n is one-half, 
while according to the Rittinger 
Theory its value is unity. According 
to the Kick theory its value is zero, 
and the required specific work input 
is proportional only to the ratio of 
the feed size to the product size. 

Since the surface area of a ton of 
particles of diameter d is proportional 
to 1/d, the Rittinger work input is 
proportional to the surface area in- 
crease; and since the crack length is 
proportional to the square root of the 
surface area the Third Theory work 
input is proportional to the crack 


length increase or to 1/\/d. The ac- 
tual value of the exponent n can be 
found by analyzing any given set of 
comminution data. 

Most commercial crushing and 
grinding installations when analyzed 
in accordance with the first principle, 
give exponents in the neighborhood 
of one-half, and the exponent appears 
to be exactly one-half for homogen- 
ous materials. However, variations at 
various particle sizes in the efficiency 
of reduction machines, in hardness, 
and in natural grain sizes, cause vari- 
ations in the energy input required. 
It is theoretically consistent and has 
been found convenient, to let the ex- 
ponent n remain at one-half in all 
cases and vary the work index para- 
meter Wi at different particle sizes 
to account for these variations. How- 
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Piece of milky quartz 
photographed at the 
instant of breakage 
in the Allis-Chalmers 
Research Laborator- 
ies’ twin pendulum 
impact tester. Some 
fragments are al- 
ready completely de- 
tached, while others 
are being formed by 
rapidly deepening 
crack tips at the left. 
The instrument is 
used to measure the 
work input and work 
index in crushing 


ever, the calculated crack length pro- 
duced per unit of energy input ordi- 
narily does not vary with the work 
index parameter.‘ If the material 
hardness and reduction efficiency are 
constant at different particle sizes the 
work index value is observed to re- 
main with the exponent one-half. 

The second principle of comminu- 
tion theory is that the total effective 
work input required to break a stated 
quantity of rock is regularly pro- 
portional to the total length of the 
crack tips formed, or the square root 
of the total surface area formed, from 
a theoretically infinite feed size. Ac- 
cording to the second principle the 
particle size exponent in equations 
(1) and (6) is one-half. 

In practical grinding operations 
the numerical difference between the 
specific work input required with a 
piece of rock feed weighing one ton 
and a piece of theoretically infinite 
size is insignificant. The second prin- 
ciple can accordingly be rested as fol- 
lows: The effective kilowatt-hours re- 
quired to grind a ton of rock from 
one piece to any product size d is 
regularly proportional to 1/\/d. 

Some variations are to be expected 
because of irregularities such as na- 
tural grain sizes and other inhomo- 
geneities of the material or in the 
reduction operation. These can be 
conveniently redacted by variations 
in the work index parameter. 


Evaluation of Irregular Feed Sizes 


The first principle requires that the 
effective feed particle size be evalu- 
ated on the same basis as the product 
particle size. If the feed consists of 
a natural crushed or ground material 


containing its natural quota of fines 
the procedure is exactly the same as 
that used for the product. However, 
if the feed has had part or all of the 
fines removed, or if it consists of 
particles limited in size between two 
screen openings, or if, as in some 
comminution experiments, it consists 
of particles of a special prepared 
shape such as cubes or spheres which 
differs greatly from the shape of the 
broken product particles, special 
methods are necessary to evaluate the 
effective feed size on the same scale 
as the product size. 

In the present state of knowledge 
these methods of analyzing the effects 
of limited feed sizes and special feed 
particle shapes are necessarily em- 
pirical, but should always be guided 
by the first principle. In practice this 
means that the equivalent particle 
size of special feeds should be evalu- 
ated to yield the same exponent n 
which has been found valid with 
regular feeds containing their na- 
tural fines; always provided that the 
feed evaluation obtained in this man- 
ner appears logical and consistent. 

If part of the fines have been re- 
moved from the feed the value of F 
in equation (6) is increased some- 
what above the 80 percent passing 
size, and if it consists of particles all 
of one size it is increased still fur- 
ther. If the feed consists of spherical 
particles of one size, F is approxi- 
mately equal to the diameter of the 
spheres in microns. 


The Third Principle 


Size reduction by crushing or 
grinding consists of a succession of 
multitudinous breaks of individual 
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particles. Its analysis should start 
with the breakage of separate pieces, 
which can be integrated into the com- 
plete comminution process. 

When several pieces of the same 
size and shape of the same brittle 
material are broken individually 
under compression a_ surprising 
range of breaking strengths is ob- 
tained. The hardest piece may require 
several times as much energy input 
as the apparently identical one which 
is most easily broken. The breakage 
of each piece is evidently controlled 
by its individual structure and orien- 
tation of zones of weakness, re-en- 
trant angles, and incipient cracks, 
which may be collectively called 
flaws. A flaw signifies a local weak- 
ening of the rock structure which 
under strain may develop into a crack 
tip. 

It is also observed that the amount 
of breakage produced is consistently 
proportional to the energy input re- 
quired to break. The hardest piece 
will form many more product par- 
ticles than the piece of the same ma- 
terial which fails most easily. A single 
pronounced flaw properly oriented 
with respect to the compression con- 
tact points will cause a piece of rock 
to break readily into two or three 
pieces, while its absence will neces- 
sitate more energy input to break 
from more numerous stronger flaws 
into more pieces. If a brittle cube 
completely without flaws could be 
broken by compression evenly ap- 
plied to opposite parallel faces it 
would absorb a very large amount of 
strain energy and should finally fail 
explosively into a product consisting 
entirely of fine dust. 

The weakest flaw in an individual 
particle controls the energy input re- 
quired to break it, and also controls 
the number of product particles 
formed. 


Reduction Ratio Depends on 
Flaw Factor 


The reduction ratio from an in- 
dividual particle break, or the par- 
ticle-feed-size/particle-product-size, is 
a direct consequence of the particle 
flaw structure, and is called here the 
flaw factor ff. As the flaw factor in- 
creases, the strength of the weakest 
flaw in the particle increases. 

In any crushing or grinding opera- 
tion where feed particle size F is re- 
duced to product particle size P, and 
F/P equals the reduction ratio Rf, 


then 
Rr=ffxN (7) 


where NV is the number of successive 
single breaks. 
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The breakage of each rock piece in 
a series of simliar pieces yields essen- 
tially the same work index as that 
computed from feed and _ product 
sizes, even though the individual 
breaking strengths may vary widely. 

The third principle of comminu- 
tion theory deals with the flaws in 
individual particles; it states that: 


(a) Flaws are present in all size ranges 
of crushed and ground products. 

(b) The weakest flaw in a particle de- 
termines its breaking strength and 
the number and size of the prod- 
uct particles formed. 

(c) The weakest flaw in a particle 
does not determine the specific 
work input required to reduce it 
from a stated feed size to a stated 
product size. 


The first principle or comminution 
theory states that the specific work 
input done in crushing or grinding 
equals the energy register of the 
product minus the energy register of 
the feed. If the energy register rep- 
resented by the feed particles is as- 
sumed to be zero the results will be 
distorted. The energy register repre- 
sents the energy which has passed 
through the material as strain energy 
and registered as broken particles. 

“eed and product particle sizes cau 
be expressed as the projected size 


Thirty-in. vibrating ball mill being used instead of a conventional roller mill for 


which 100 percent passes, or as the 

actual size which 80 percent passes. 

Size distribution lines plot with less 

curvature exponentially than as a 

power law on log-log paper. 

The second principle states that the 
effective kilowatt hours required to 
grind a ton of rock from one piece 
to any product size d varies as 1\/d. 

The 80 percent passing size of a 
comminution feed with part or all of 
the fines removed must be increased 
to compensate for the missing fines. 

The third principle states that the 
breaking strengths of individual par- 
ticles under compression, and the 
number and size of the product par- 
ticles made, but not the work input 
required to reduce to a state size, 
depend upon the flaw structure of the 
particles. 
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Unmatched versatility . . . drill boom is swung at right angles to tracks and drill 
carriage tilted inward for steeply sloped conditions. 


The all new Chicago Pneumatic G-900 Tracdril is the culmination of 5 
years of research and wide field experience. This self-propelled drilling 
unit is maneuverable, rugged and productive . . . a real “drillers drill.” 
Extra large drilling radius because of its 180° horizontal boom swing and 
dual controls on turret and boom end for quick, accurate positioning of 
boom and drill carriage give the driller exceptional flexibility. 

With the sensational 442” Deep Hole Drill, it quickly sinks 3” holes up to 
75 feet. 


6 MAJOR EXCLUSIVES OF CP TRACDRILS @ «oarding 


house reach” lets the drill carriage stretch out 63” beyond tracks to drill 
true verticals alongside the unit. be] Extra-long Oliver tracks, specially 
designed, provide stabilizing ground contact of 1350 square inches: 
3) Sure-footedness and maximum traction are assured with five lower track 
wheels. 4) Seven labor-saving hydraulic cylinders ease driller’s muscle 
9 Two sets of grouped controls, at turret 
@ “Dead 


man” automatic brakes that slam on when tramming throttle is closed, 
locking unit on steepest slopes or bad ground. 


work, give fluid-smooth action. 
and boom end, save time and steps for driller, boost footage. 


NO EQUAL FOR 
DRILL PATTERN COVERAGE 


4’ 


Full 180° Ground Coverage . . . right or left. New 
G-900 drills true verticals at 90° angle to tracks. 


Reaches ‘‘way-up" for extra high horizontal breast 
holes . to 11 feet 

Big 85° carriage swing compensates for steeply 
sloped conditions 


Keeps snake holes ‘‘way-down'' and properly 
inclined 
crawler carriage structural members 


. no interference from feed motors or 


Full specifications and details in Bulletin SP-3627 


Chic AGO PrneUMAtIC 


AIR COMPRESSORS e PNEUMATIC AND ELECTRIC TOOLS e AIR-BLAST BITS ¢ DIAMOND DRILLS e REICHdrills ¢ ROCK DRILLS 
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With its Colonial architecture, P & M’s new headquarters building is 
recognition and commemoration of a proud past. Typical of the com- 
pany’s pioneering instinct, however, is a heat pump for year-round 


air conditioning 


The P&M Story 


Fast growing midwestern 
coal producer pauses briefly 
to look back before tackling 
the future 


IRST impressions are lasting im- 

pressions—and the first impres- 
sion you are likely to get upon enter- 
ing the offices of the Pittsburg & Mid- 
way Coal Mining Co. is one of a su- 
preme confidence in an ability to 
handle any problem at hand. This is 
quite an impression for a company 
that is celebrating its 75th Anniver- 
sary in an industry where age is often 
considered synonymous with decay. 

Headquartered in the friendly town 
of Pittsburg, which is tucked away in 
the southeastern corner of Kansas, 
Pittsburg & Midway straddles the 
heart of the continent, with mines in 
Kentucky, Missouri, Arkansas, Kan- 
sas and Colorado. Its productive ca- 
pacity of 5,000,000 tons annually is 
backed up by reserves estimated at 
approximately 477.000,000 tons. The 
company takes its name from Pitts- 
burg and the little village of Midway, 
Kan., a watering place used by the 
cavalry in pre-Civil War days, located 
appropriately enough midway be- 
tween Fort Scott and Baxter Springs, 
Kan. 

Chartered in 1885 

The Pittsburg & Midway Coal Co.., 
later to be called The Pittsburg & 
Midway Coal Mining Co., was char- 
tered by the State of Kansas on May 
9, 1885. Article II] of the charter 
stated that, “the business of said Cor- 
poration shall be transacted in the 
towns of Pittsburg and Midway, Kan- 
sas, and such other places in the 
United States as the general business 
interests of the company require.” 

Article VI stated, “the Capital stock 
of said Corporation shall be $200,000 
to be divided into 2000 shares.” 

The company’s Mine No. 0 had 
been opened in the latter part of 1884. 
There is no record of its performance 
that year, but the State Department of 
Mines reports that 114,620 bushels of 
coal (4585 tons) were produced in 
1885. The mine worked 76 days that 
year, with an average of 26 miners 
employed. Average productivity was 
60 bushels (2.4 tons) per man day. 
Wages were at the rate of 3.5 cents 
per bushel during the summer and 4 
cents during the winter. 

Eighteen eighty five was a year of 
growth, and two more mines were 
opened. Shaft Mine No. 1 was sunk 
1, mile southwest of Midway and 
Shaft Mine No. 2 was put down 1% 
mile northeast of Midway, just west of 
the Missouri state line. During that 
year 234,737 bushels (9389 tons) of 
coal were produced at Mine No. 1] and 
32,550 bushels (1302 tons) were pro- 
duced at Mine No. 2. Both mines were 
ventilated by ten-ft fans. 
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Expansion brought problems, how- 
ever, and early in 1886 at a meeting 
of the board of directors a motion was 
made, seconded and passed permit- 
ting the president to borrow $25,000 
from “Mr. Charles Merriam of Bos- 
ton” for three years at an interest rate 
of seven percent. The loan was never 
consummated, however, and a special 
meeting was called in mid-April. Min- 
utes of that meeting state, “. . . that 
for some reason unnecessary and 
damaging delay is being experienced 
in obtaining said loan from said Mer- 
riam. ...”, and it was resolved to 
instead borrow $30,000 from National 
Loan and Trust Company of Kansas 
City, Mo., for five years at a rate of 
six percent per year. The loan was 
covered by two notes, one for $10,000 
due in two years and one for $20,000 
due in five years. 

The young company rolled along, 
supplying coal to a local domestic 
market and as railroad fuel, with 
good years, 25,217 tons in 1886, and 
bad ones, 1316 tons in 1890, until a 
move was made in 1895 by a group of 
insurgent stockholders to gain control 
of the company. A stockholders’ meet- 
ing was called April 25, 1895, but was 
postponed until May 2 because a 
quorum was lacking. The same situa- 
tion existed May 2 and another meet- 
ing was called for May 4, but this 
also was adjourned for the lack of a 
quorum. 

Finally a meeting was properly 
held May 20, with a G. H. Lanyon 
turning up with 678 shares and one 
A. H. Lanyon with 220 shares of the 


2000 outstanding. 

The Lanyons, it might be pointed 
out, were bankers in the area and also 
operated lead-zinc smelters and a 
brick plant. 


Reorganized in 1895 


It was a busy summer and at a 
meeting November 6, 1895, in Pitts- 
burg, stockholders approved unani- 
mously a motion to sell “the coal 
rights, mining property, mercantile 
stock, credits and business and entire 
plant situation in Crawford County, 
Kansas, for the sum of $265,000.” 

Payment was to be as follows: 
$199,600 in cancelled stock of the 
Pittsburg & Midway Coal Company 
—owned by stockholders in the new 
company, to be known as the Pitts- 
burg & Midway Coal Mining Com- 
pany—the assumption of $65,000 in 
floating debt and the delivery of a 
claim of $400 against the old com- 
pany held by the new company. 

Pittsburg & Midway Coal Mining 
Co., capitalized at $200,000, was char- 
tered November 18, 1895, by the State 
of Missouri. The old Pittsburg & Mid- 
way Mining Co. went out of business 
January 10, 1896. 

Production was gradually increased 
and in 1899 reached 254,495 tons. 
Then it began to slip, however, and 
declined to 54,583 tons in 1910. In 
1911 a most important turn in events 
was taken by the coal producer with 
the acquisition of company control 
by Charles F. Spencer. 

C. F. Spencer was no stranger to 
coal mining, having operated several 


small mines with his father, John W. 
Spencer, near Columbus, Kan. J. W. 
Spencer, a cavalryman in the Civil 
War, had homesteaded in southeast- 
ern Kansas and became a rancher. He 
began coal mining after being crippled 
in a fall from a horse. It is interesting 
to note that P & M is now mining coal 
on part of the original Spencer Home- 
stead. 

It was C. F. Spencer who started 
Pittsburg & Midway on the road to 
the big time. In 1910 he and some 
other associates had installed a 114- 
cu yd shovel with a 50-ft boom near 
Stippville, Kan., and he was taken 
with the possibilities of power strip- 
ping. The building of the Panama 
Canal stimulated the development of 
excavating equipment, and in 1918 
the company purchased a six-yd full- 
revolving power shovel, the first elec- 
tric shovel ever used in the mining 
industry. 

Strip and underground mining con- 
tinued in Kansas and was extended 
into the adjoining states of Oklahoma, 
Missouri and Arkansas. New mining 
methods and larger, more efficient 
equipment were utilized as they were 
developed. 

The company erected its first coal 
washer in 1931 at Mine No. 10, and 
in 1933 constructed the first central 
cleaning plant west of the Mississippi 
at West Mineral, Kan., to prepare coal 
from its No. 15 and No. 17 mines. 

In 1936 a plant was erected by 
Mineral Products Co., a P & M affili- 
ate, at West Mineral to recover pyrites 
from coal refuse. The recovery system 


The company’s oper- 
ations straddle the 
mid-continent. A 
million-ton capacity 
strip mine is sched- 
uled to be in produc- 
tion near Gallup, N. 
M., by January 1962 
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In 1915 the company opened its first strip mine, and in 1918 bought the f 


irst electric 


shovel ever used in the mining industry. Coal was still loaded by hand and mules pro- 
vided the locomotion. At present all but one of P & M’s operations are strip mines 


was designed around a process pat- 
ented by a son of C. F. Spencer, Ken- 
neth A. Spencer, who organized and 
headed Mincrel Preducts Co. 


Plans Laid for Expansion 


The father-son team—in 1940 K. A. 
Spencer was made general manager 
and treasurer of P & M—began to 
have visions of a chemical industry 
in the tri-state area of Kansas, Mis- 
souri and Oklahoma—using coal and 
other raw materials supplied by 
P & M, of course. In fact, a plan was 
drawn up outlining in detail a series 
of plants, showing how they could 
complement each other. It was sup- 
ported by information on the labor 
supply, transportation facilities and 


the availability of natural resources. 
With Europe deep in a War in 
which we were at the time morally, if 
not actively, involved, the Federal 
Government became vitally interested 
in the plan and decided to build the 
Jayhawk Ordnance Works near Pitts- 
burg, Kan., a smokeless powder plant, 
near Pryor, Okla., and a shell-loading 
plant near Parsons, Kan. The Pitts- 
burg & Midway Coal Mining Co. was 
selected to design, construct and oper- 
ate the Jayhawk Ordnance Works. 
P & M pledged its entire assets as a 
performance bond and organized the 
Military Chemical Works, Inc., with 
C. F. Spencer as chairman of the 
board and Kenneth A. Spencer, presi- 
dent, to operate the Jayhawk plant. 


In 1910 the P & M built its first coal washer at its Mine No. 10. Most of the coal now 

sold by the company is sold on a Btu basis and on long term contract. The modern 

preparation plant at Mine No. 19 produces 2700 tons of clean coal per shift from a 
raw feed of 4150 tons 
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Charles F. Spencer died December 
1, 1942, at the age of 71, passing over 
the reins of the coal company to Ken- 
neth A. Spencer. An older son, Harold 
A. Spencer, who had been operating 
his own coal company, the Pioneer 
Coal Co., was named vice president 
and treasurer. Pioneer, which pre- 
viously had been operated as an affili- 
ate company, was absorbed into the 
growing P & M complex in 1959. 

At the end of World War II, Ken- 
neth Spencer organized a company to 
lease, and later purchase the Jayhawk 
Works from the Government, and 
Spencer Chemical Co. was _ born. 
Named for Charles F. Spencer, the 
chemical company was to grow rap- 
idly and become an important seg- 
ment of American industry. 

Meanwhile, the coal company was 
going ahead with its own expansion. 
In 1938 another “first” was made 
with the erection of a 33-yd shovel at 
Mine No. 15, near West Mineral. At 
the time it was the largest in the 
world. 

Markets were changing and so was 
the coal industry. In 1885, the bulk 
of P & M’s production was going into 
the domestic market. Then came the 
railroad market; and finally, in recent 
years, the utility market. P & M began 
to look at itself as a volume producer 
of an energy raw material. The long- 
term contract became both a sales 
and operating tool, and efficiency be- 
came a fetish. 

With the War-induced demand for 
energy, P & M had its first million-ton 
year in 1943. In 1947 the company 
entered the Western Kentucky coal 
field with the opening of its Colonial 
mine near Madisonville. P & M’s three 
Kentucky mines now produce 80 per- 
cent of the company’s total produc- 
tion. Then in 1949 the Osage mine 
was started on the western slope of 
the Rocky Mountains near Steamboat 
Springs, Colo. This mine has the dis- 
tinction of never being troubled by a 
shortage of railroad hopper cars—it 
ships in box cars. 


Record Breaking Growth 
From 1943 through 1959 the com- 


pany was the fastest growing coal pro- 
ducer in the Nation, expanding at an 
average rate of 200,000 tons a year. 
In 1959 it was the 15th largest coal 
company in the U. S. It can also be 
pointed out that with the exception of 
the Pioneer acquisition in 1959, all of 
the increase was generated internally. 
No companies were absorbed—the 
sales department went out and sold 
more coal and the operating depart- 
ment increased production to meet 
demand. 
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CHARLES F. SPENCER 


HAROLD H. SPENCER 


EDWIN R. PHELPS 


Much of the success of P & M can be credited to the foresight and leadership of the Spencer family. Charles F., president from 
1911 until his death in 1942, introduced the company to strip mining in 1915. Kenneth A., president from 1942 until his death in 
February 1960, sought new markets for P & M coal and brought to life a vision of a chemical industry in the tri-state area of 
Kansas, Missouri and Oklahoma. Harold H., chairman of the board since 1953, has been the “balance wheel” during a time that 
sales and production were being quadrupled. 

As P & M enters its 76th year, the reins of the company have been handed to Edwin R. Phelps who was elected president in 
March 1960. Operating vice president for the past seven years, he has had great success in leading the battle to increase efficiency 
in the mining and preparation of coal. He typifies the aggressive alertness to opportunity that has been P & M’s big stock in trade. 


It is the utility market that has con- 
tributed the greatest to P & M’s 
growth, and in 1959, 67 percent of 
production went into the market. 
Twenty-two percent was sold to gen- 
eral industrial consumers, and rail- 
roads and retail dealers accounted for 
11 percent. 

At the present time all but one of 
the company’s mines are stripping 
operations. The exception is P & M’s 
newest operation, the De Koven mine 
near Sturgis, Ky. It is an all a-c mine 
which produced 1,155,977 tons of the 
4,142,076 tons mined by the company 
in 1959. Plans are underway to in- 
crease the productive capacity at De 
Koven to 2,400,000 tons annually. 

Following the untimely death of K. 
A. Spencer on February 19, 1960, 
Edwin R. Phelps was named presi- 
dent. He had been operating vice 
president for the previous seven years. 
Harold Spencer, chairman of the 
board since 1953, continued in that 
capacity. 


Pioneering in the West 


P & M is continuing its tradition of 
aggressiveness under E. R. Phelps and 
in June of this year, it was announced 
that the company had signed a long 
term contract with the Arizona Public 
Service Co., Phoenix, Ariz., to supply 
coal for a new 110,000-kw steam elec- 
tric generating station to be built near 
Joseph City, Ariz. It will be the first 
coal-fired utility power plant in the 
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State of Arizona. Scheduled to be 
completed by late spring of 1962, the 
plant will burn 380,000 tons of coal 
annually and the agreement calls for 
the dedication of coal reserves for 35 
years. P & M will open a 1,000,000 
ton a year capacity strip mine just 
west of Gallup, N. M., to supply the 
coal. This will be the sixth state in 
which the coal company is operating. 

The agreement with the Arizona 
Public Service Co. is the first major 
contract with a large scale coal burn- 
ing power plant in the Southwest, but 
you can bet P & M expects others to 
follow. 


It was also announced in June that 
Pittsburg & Midway Coal Mining Co. 
would merge with Spencer Chemical 
Co., the towering descendent of Mili- 
tary Chemical Works, Inc., a onetime 
P & M wholly owned subsidiary. Ac- 
cording to reorganization plans P & 
M will be operated as a wholly owned 
sulsidiary of the chemical company. 
This will have the effect of increasing 
the financial backing of the coal com- 
pany and will undoubtedly lead to 
even greater expansion. 

In this way P & M rounds out its 
75th year of business—proud of its 
past and confident of its future. 


P & M is also a leader in rehabilitating strip mined areas. Reforestation and stocking 
lakes formed in abandoned mines with fish make such land an asset to the community 
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By H. D. STOTT 


Director of Industrial and 
Public Relations 
Calumet Division 

Calumet & Hecla, Inc. 


COPE of a safety program is di- 

rectly related to the size of the 
company, and the responsibility for 
that program rests squarely with that 
group known as management staff. 

In a small company a person may 
have to wear two hats, one as an 
operator and one as a staff man. This 
is a difficult position to occupy for 
it is not normal for a man to be able 
to be so objective that he may prop- 
erly take each point of view. In a 
larger company with a line and staff 
type of organization, there is some- 
times friction between the two groups 
because the “staff man” is more of 
an “operator” than the operator is 
himself. A good staff man should 
ever be alert to this tendency and do 
his utmost to serve as staff, although 
in the area of safety this is most dif- 
ficult. The subject is so broad in its 
implications that many of the aspects 
become greater than performing a 
line job. The consequences have far- 
reaching effects. 


Analyze Potential Hazards 


There is the safety engineer; he is 
a staff man sometime reporting to the 
operator and sometimes to a higher 
staff level. In any case he is a special- 
ist, but as a specialist in safety he 
must not become too isolated to his 
own specific thinking for there are 
already too many safety men who 
“follow their noses.” However. there 
are safety departments and engineers 
who are really applying modern man- 
agement principles. 

The writer has had men on his 
staff say to him, “The operator 
shouldn’t do so and so because it 
isn’t safe.” When asked for a com- 
plete analysis of the situation, they 
had not always used a sound ap- 
proach. What is the probability of 
having an accident in relationship to 
the savings gained by a new method? 
What do our own records show? 
What can be done to make it a safe 
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operation, and what will it cost? A 
staff man must take that second look 
and should not try to get off the hook 
by simply saying “it isn’t safe.” 

Of course, a staff man has to be 
everlastingly curious. He has the 
time, or should have, to study every 
accident in its fullest detail. Many 
times the real cause of an accident is 
not discovered because staff and line 
men are all too willing to accept the 
obvious. There are instances of great 
reluctance to change. 


Success in Safety Depends 
Upon Attitudes 


The management staff should ac- 
cept major responsibilities in em- 
ploye education. In this day and age, 


the management man closest to the 
worker is recognized as the key man 
in any achievement and safety is one 
of his duties. He should teach the 
employe the techniques or mechanics 
of working safely as related to guards, 
apparel, barring down, proper ma- 
chine set-ups, and so on. 

The education a staff man can help 
with most is not the teaching of par- 
ticular techniques, but rather teach- 
ing all men to behave as they do not 
always behave. “He knew better,” 
even though an accident did occur. 
The person involved did not behave 
as he should have; nor did the fore- 
man since he did not assign the man 
safely. 

We must find the way io educate 


First line foremen and all others directly concerned with production must learn to 
appreciate the effect accidents have on performance and the ultimate success of 
operations 
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Port V-Responsibility of the Management Staff 


people to behave as they should and 
even though this is quite a job, it is 
nevertheless a responsibility of the 
staff. The author believes that suc- 
cess or failure in safety is caused by 
an attitude rather than by techniques 
or application of them. 

Another responsibility is to keep 
abreast of changes, but it is prefer- 
able to keep ahead of them. Look at 
worker skills. In 1910, 18 percent of 
the working force was unskilled, but 
in 1950 only eight percent was un- 
skilled. It is estimated that by the 
end of 1960 only about four percent 
will be unskilled. Just what has this 
change done to safety? A good staff 
man is analyzing this trend as it ap- 


plies to his company, for it is cer- 
tainly going to call for a better job 
of placement. 


Workmen’s Compensation 


Labor relations people should not 
hamstring operators of tomorrow 
with poorly worked out seniority or 
transfer clauses which create safety 
headaches in the future. Some of this 
has been witnessed in the railroading 
business. Even though the mining in- 
dustry has not had to face it as much 
as the manufacturing or railroading 
industries, one day it will. 

Those of us charged with dealing 
directly with the union should work 


The management man closest to the worker is the key man in any achievement. His 
duties include teaching employes the techniques or mechanics of working safely 
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closely with all who are concerned 
with safety. Union leaders are be- 
coming more and more vocal in this 
matter. Back in 1911, when Wiscon- 
sin passed the first Workmen’s Com- 
pensation law, there was not much 
concern. By 1921 nearly all of the 
states had such a law, most of them 
patterned after the British Act of 
1906, “the exclusive remedy for work 
injuries.” 

It was only recently that unions 
began to exercise any interest in 
Workmen’s Compensation laws. Now 
they are at them with “hammer and 
tongs” and in many instances know 
more about the laws than manage- 
ment men. In the writer’s state, Mich- 
igan, we have run into a tough one— 
“aggravation of a known condition.” 
A solution to this has still not been 
established, but it points up the fact 
that it is costly to place a man on a 
job if it aggravates his condition. 
Safety? The question of placement in 
such a case is loaded with cause for 
concern. Everyone in staff should an- 
ticipate this new trend as it affects 
safety. 

Union demands to equalize Work- 
men’s Compensation to the amount 
paid under “sick benefits” are going 
to grow and can see-saw upward un- 
less the staff men of management are 
alert to finding a solution. The union 
is taking the position that manage- 
ment should spend as much money 
and give as much attention to the 
care of the disabled as it does to 
plant maintenance. 


Link in Safety Program is Supervisor 


Staff men should be really aware 
of costs, in this case to safety costs. 
The author does not believe that in 
this respect supervisors have a very 
satisfactory understanding of their 
responsibility. In the July 1959 issue 
of Mining Congress Journal, Herbert 
R. Westlund, chief safety engineer, 
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Argonaut Insurance Co., provided an 
article, ““The Cost of Mine Accidents,” 
which every mine supervisor should 
read and study and then reread. 

Too many uninformed and unedu- 
cated supervisors say “Insurance pays 
the bill.” These people lose the per- 
spective of the underlying principles 
of accident prevention, one of them 
being to improve efficiency and there- 
by reduce costs. It is up to staff men 
to get this idea across. 

We have accepted the foreman- 
supervisor as the big link in any 
safety program. Today’s supervisors 
have come a long way from yester- 
day’s. How well will he be equipped 
to deal with the problems of tomor- 
row? The management staff has a 
real responsibility in finding the 
means for helping line operators cope 
with the many changes which are just 
ahead. Doubtless many of today’s 
line operators are “doing the job” 
only because of state and Federal 
laws and civic and company rules. 
Many of these men do not have the 
mental attitude or capacity to under- 
stand what might be the real contrib- 
utory factors to a poor safety record. 

Our responsibility in staff positions 
is to help those who can be helped, 
and to provide the greatest possible 
assistance in selection of the best 
qualified man for positions of super- 
visory responsibility. 


Politics and Safety 


Politics unfortunately enters into 
safety. For example, a general liber- 
alization of compensation laws has 
become a favorite point of debate 
and action in many legislative bodies. 
This is where the management staff 
comes in. Every member of this 
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group must be on the alert for bills 
which may have a negative effect, 
although meant to do a good job, in 
areas of safety and rehabilitation of 
the injured. Not only must manage- 
ment staff be alert enough to recog- 
nize such situations, but it must call 
them to the attention of operating 
personnel, pointing out the possible 
reactions as well as the inevitable 
results of new and restrictive com- 
pensations laws. Insurance compa- 
nies, in the main, have taken little 
action against some of the past pro- 
posed changes in such laws. They 
have merely tended to increase their 
rate schedules which makes employ- 
ers the eventual bearers of costs cre- 
ated by laws of this nature. 

A great responsibility of staff men 
is to bring to the knowledge of oper- 
ating personnel the real impact of 
safety costs. Statements have been 
made that the ratio of direct to 
indirect costs is four to one. This 
formula, devised in 1926, does not 
take into account changes in fringe 
benefit labor costs since then, and 
therefore it is the writer’s opinion 
that the four to one ratio is extremely 
conservative. Operating supervisors 
must not take the position of “Oh, 
well, insurance pays the bill.” Staff 
is doing a poor job if this happens. 


Safety Achievements Should 
Be Publicized 


First line foremen and all others 
directly concerned with production 
must learn to appreciate the effect 
that accidents have on their perform- 
ance and the ultimate success of op- 
erations. When supervisors really 
understand the close relationship be- 
tween the prevention of accidents and 


Safety should not be 
regarded as welfare 
work but part of the 
over-all responsibil- 
ity for profitably run- 
ning a company 


an efficient operations, we will have a 
great safety record—built on value 
and not fear. 

In the field of public relations, the 
staff man’s responsibility is to deal 
effectively with all sorts of news dis- 
persers; radio, television, newspapers 
and local community personnel. Let 
one man be hurt in a mine or mill 
and it becomes an exaggerated story. 
Just review these headlines: “Ex- 
plosive Fire, Cave-in Kills Four U. P. 
Miners. Thirty-five men are taken 
from ‘Belching Hell.’ ” And yet little 
mention was made of an equal num- 
ber of people killed in one automo- 
bile accident. This particular story 
was printed in papers all over the 
land. News stories such as this pro- 
vide the industry with a poor name 
for safety, and it would therefore be 
beneficial for staff men to get out 
more stories of how safe their opera- 
tions are; in other words, get out the 
positive side as well as allow the neg- 
ative side to be published. For in- 
stance, there is probably a worth- 
while safety story that could be told 
about several Lake Superior district 
mines which were worked for a total 
of 881,291 hours without an accident 
—there are not many industrial 
plants able to boast such a record. 


Intangible Profits from Good Safety 


Safety should not be looked upon 
as welfare work, but should be re- 
garded as a very real part of the 
over-all responsibility for profitably 
running a company. Many top man- 
agement men have “arrived” because 
they are doers—they get things done 
—and this is as it should be. We are 
fast approaching a change and a 
need for an adjustment to it. The 
change in worker skills, which was 
pointed out, is only one facet that 
needs attention. Add this to the many 
new and growing challenges facing 
management men, and the need for 
better understanding in the _inter- 
relationships of people becomes ap- 
parent. 

The author’s challenge to top man- 
agement is this: be aware of changing 
conditions and strive to create an 
understanding between line and staff 
that all are working for the same 
cause—the betterment of those they 
serve. In good safety results there are 
better profits, not only in dollars and 
cents, but also in that intangible profit 
which comes from adequate and de- 
cent treatment of people. In the long 
run, the quality and amount of our 
successes depends upon the human 
element. 

Accidents are not a necessary part 
of mining, but safety. is. 
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Reducing 
Maintenance Cost 


Through Inspection 


By D. P. WALSH 


Central Region Manager 
Magnaflux Corp. 


Because of increasing capital invest- 
ment in mechanization for increased 
efficiency in underground and strip 
mining operations, the problems of 
repair and downtime are receiving 
more attention. Here are two nonde- 
structive testing methods which re- 
move doubt when decisions are to be 
made to salvage, repair, or replace 
parts during repair or overhaul op- 
erations 


ODAY, as heretofore, a thorough, 

prying, visual examination plays 
a prominent part in influencing our 
decisions. Yet, years ago, it was dis- 
covered that we should not always 
believe what we see. For example, 
visual observation could not reliably 
locate small, tight-lipped defects in 
metal parts, and failures could occur 
very shortly after repair or overhaul. 
For this reason, aids to vision such 
as magnification, “oil and whiting,” 
local heating and pressure were em- 
ployed to help locate such defects. 
This discussion will consider more 
modern methods which are used ex- 
tensively to improve “seeability” and 
provide positive information for de- 
cision making. 

In most maintenance programs 
there are certain objectives. Some of 
these are: 

(1) Prevent downtime or lost production. 

(2) Detect and correct any defective 
part which might cause damage to other 
parts and more extensive repairs. 

(3) Be assured that repair or overhaul 
is adequate and that the equipment’s per- 
formance will be predictable—that is, es- 
sentially “as good as new.” 


(4) Hold overhaul costs to an absolute 
minimum. 
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These objectives suggest a program 
that will time maintenance to satisfy 
operating conditions, yet be sufh- 
ciently frequent (but not more so) to 
prevent unplanned shutdown. They 
also suggest action based on experi- 
ence, records, or manufacturer’s rec- 
ommendations. Finally, thorough in- 
spection during overhaul or mainte- 
nance will assure satisfactory repair. 
and will prevent use of bad parts and 
the throwing away of good ones. 

At this point, let us briefly consider 
how a breakdown occurs. Insurance 
company reports tell us that a large 
percentage are due to fatigue cracks. 
For example, a small fatigue crack be- 
gins its growth at the top of a shaft. It 
gradually grows larger in service. Due 
to flexing, a second fatigue crack 
starts from the bottom. Both grow in 
size until the remaining sound metal 
cannot bear the load. Then the shaft 
breaks suddenly. These cracks could 
have been located at any stage of their 
growth, thus avoiding the cost of a 
breakdown and more extensive re- 
pairs. 

Fatigue cracks generally occur at a 
highly stressed area and grow in 
length at right angles to the principal 
stress. They initiate in this area, usu- 
ally due to stress raisers such as punch 
marks; or blemishes, such as inclu- 
sions, dents, rough surfaces; or poor 
design, such as sharp fillets, keyways, 
and the like. Though manufacturers 
use stress analysis extensively to de- 
velop designs with improved fatigue 
resistance, the fact is, that only so 
much “mileage” can be built into a 
piece of equipment and still “maintain 
a price that people can afford to pay.” 


Magnetic Particle Inspection— 
Reliable and Economical 


The first inspection method to be 
considered is called “magnetic parti- 
cle inspection.” It applies to all mag- 
netic materials and is the most eco- 
nomical of all test methods for reli- 
ably detecting fatigue cracks at any 
stage of growth. In principle it can be 
likened to a horseshoe magnet with 
north and south poles which hold a 
keeper magnetically. Bend the magnet 
so that north and south poles touch, 
and it will not hold the keeper, but it 
will hold iron filings. 


In magnetic particle inspection, a 
magnetic field is made to cross a 
crack. One side of the crack is a north 
pole and the other is a south pole. 
These poles attract and hold finely 
divided magnetic particles, even 
though the crack is contaminated or 
filled with dirt. When the part is being 
magnetized, particles in the form of 
red, gray or black powder are applied. 
These instantly mark a crack right 
on the part itself. 

Figure 1 shows a dry powder indi- 
cation of a crack in a weld. On this 
structure 15 percent of its 315 welded 
clusters had such fatigue cracks. Mag- 
netic particle inspection located the 
cracks, indicated that they were re- 
moved completely prior to repair, and 
assured the integrity of the repair 
welds. In this manner, the structure 
was put back in excellent condition. 
Many years of useful life were added 
and a probable failure was averted. 

While dry magnetic particles are 
used extensively on rough, dry sur- 
faces such as welds and castings, par- 


Fig. 1. Magnetic powder pattern marks 
a crack in a weld 


Fig. 2. Fluorescent magnetic particles 
“light up” fatigue cracks at the root 
of gear teeth 


ticles suspended in an oil distillate 
are used almost exclusively on “work- 
ing” parts which are apt to have an 
oil film. These particles, as used in 
maintenance, are coated with a dye 
which fluoresces brilliantly under near 
ultra-violet (3650 Angstrom units) 
black light. Thus, even the smallest 
fatigue crack gives off a light which 
attracts attention. 

Figure 2 illustrates a gear with a 
typical fatigue crack pattern. The 
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cracks are lighted up by fluorescent* 
magnetic particles. Where this condi- 
tion exists on large gears as in strip 
mining equipment, where replace- 
ment could not be immediate, the 
service life has been extended by re- 
versing the gear thus changing the 
direction of loading. On gears which 
have only one keyway, fatigue cracks 
have initiated at the keyway on the 
inside diameter and extended outward 
towards the root of the tooth. ‘This 
could indicate poor design and ex- 
tremely high stress concentration at 
the corner of the keyway. 

Magnetic particle inspection is be- 
ing used by several mining companies 
on a large variety of parts. Typical of 
these are crank discs, swivel arms, bull 
and trunnion gears, gear trains, 
sprockets, shafts, axles, dipper teeth, 
steering gear, and engine parts. Typ- 
ical of the latier is the crankshati re- 
moved from earth moving equipment 
that is illustrated in figure 3. The 
fatigue cracks shown by fluorescent 


Fig. 3. Typical fatigue cracks on 
crankshaft are indicated by fluores- 
cent magnetic particles 


magnetic particles would have caused 
failure. Replacing the shaft prevented 
this. With large diameter shafts, where 
a replacement part is not readily 
available, the growth of fatigue cracks 
can be slowed down by drilling small 
holes at the extreme ends of cracks. 
Such holes must be at the extreme 
ends and partially in sound metal be- 
yond the crack end. 


Inspecting Non-Magnetic Metals 
and Materials 


The second method to be discussed 
is “fluorescent penetrant inspection.” 


* This method should not be confused 
with fluorescent penetrant inspection. 
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While it can be used on any metal or 
solid body, it is recommended specif- 
ically for non-magnetic metals and 
materials for the following reasons: 
(1) parts must be cleaned thoroughly 
so that cracks are clean and open, (2) 
a little more processing time is in- 
volved, and (3) expendable materials 
are somewhat more costly. These 
points also apply to visible penetrants 
which show cracks as red lines or dots 
on a white background. Fluorescent 
penetrant inspection produces vivid 
indications which fluoresce brilliantly 
under near ultra-violet (black) light. 
Thus, cracks are marked right on the 
part itself. 

The application of penetrant meth- 
ods are relatively simple. After clean- 
ing, penetrant is applied to the sur- 
face of parts and is drawn into cracks 
or pores by capillary action. After a 
few minutcs, the penetran: is removed 
from the surface by water wash or 
with a recommended cleaner. After 
cleaning, penetrant still remains in the 
cracks or pores. A wet or dry devel- 
oper is then applied. It acts like blot- 
ting paper and pulls the penetrant 
back to the surface within a minute or 
two. The part is then inspected under 
black light. 

After being treated with fluorescent 


Fig. 4. Fatigue crack in bronze gear is 
located by fluorescent penetrant in- 
spection using “black” light 
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penetrant materials, the bronze gear 
illustrated in figure 4 is being checked 
under black light. In color photogra- 
phy, or as actually seen, the fatigue 
crack fluoresces a vivid yellow which 
attracts attention. This color is the 
easiest to see by human vision and the 
contrast is perhaps 100 times that of 
red on a white background. Thus, 
even minute cracks are hard to miss. 
In the mining industry, bronze gears, 
pump impellers, and sprockets, alum- 
inum and magnesium parts, carbide 
tipped tools, or other non-magnetic 
materials can be inspected by this 
method. 

Fluorescent penetrant materials are 
also used for leak detection. Pene- 
trants of various hues and fluorescent 
additives are also available for water 
or oils. For leaks in empty tanks or 
similar containers, penetrant is ap- 
plied on one side only and the other 
side is examined under black light. 
Very small leaks can thus be detected 
within a few minutes. As most oils 
have natural, though relatively low 
fluorescence, the 100-watt high inten- 
sity black light can be used to locate 
such leaks in oil filled housings such 
as pumps, transmissions and crank- 
cases. 

Even with the best inspection pro- 
cedures, maintenance can be under- 
done or overdone (see figure 5). 
There may be little maintenance but 
instead there are repairs plus failures 
which magnify production losses. 
There may be a lot of maintenance at 
extremely high cost but no repairs or 
failures. The best point of economic 
return lies somewhere between these 
extremes, but it will vary depending 
on the particular operation. The over- 
all cost will be lowest when the cost of 
maintenance approximates the cost of 
repairs plus the cost of production 
losses. 

The methods discussed have found 
wide usage for many- years in auto- 
motive overhaul, and in railroad and 
aircraft, plant, and to a lesser degree, 

(Continued on page 74) 


Fig. 5. Over-all cost 
related to the level 
of maintenance. The 
best point of eco- 
nomic return lies 
somewhere between 
the two extremes of 
no maintenance and 
excessive mainte- 
nance, but it will 
vary depending on 
the particular opera- 
tion LOW 
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THERE’S A 
REASON WHY IN 


WHYTE 
STRAND 

SHOVEL 
ROPES! 


MACWHYTE thie 


For your mining operation, there are many reasons 
why Whyte Strand is the best wire rope you can use 
on your shovels. Here are just a few: 


e Every foot of Whyte Strand is made by Mac- 
whyte from domestic steels drawn and fabricated 
in Macwhyte’s own wire and rope mills 


e Product engineers determine the exact makeup 
of each rope to assure correct size, strength, and 
flexibility to meet your requirements. 


e Special Macwhyte lubricants are used in accord- 
ance with the needs of the equipment or the type 
of service in which the rope will be used. 


e Entire wire and rope mill operations are con- 
centrated on the making of one product... 
wire rope! 

But the proof of the pudding is in the using — and 

here’s where Whyte Strand shines. You can spend all 

kinds of money, but you can’t buy a better rope for 
your shovels than Whyte Strand . . . nor one that will 
give better service, with less trouble. 


Whyte Strand shovel ropes are made in two strengths 
— Monarch Whyte Strand Improved Plow Steel and 
PREmium Whyte Strand Extra Improved Plow Steel 
— both are listed in bulletin No. 6025. 


Ask for this new bulletin which gives complete listings 
of all Whyte Strand wire rope. ; 213-8 


CUMPAN 


2900 Fourteenth Avenue, Kenosha, Wisconsin, U.S.A. | | Wire Rope + Slings + Cable Assemblies 
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While the current session of Con- 
gress is generally expected to last not 
longer than Labor Day, much in the 
way of legislative fireworks is defi- 
nitely on the agenda. 

Senator Kennedy of Massachusetts, 
the Democratic nominee for Presi- 
dent, presumably will use his influ- 
ence as leader of his party in behalf 
of pending legislation to legalize pick- 
eting and secondary boycotts at con- 
struction sites, to increase the mini- 
mum wage and broaden coverage of 
the Wage-Hour Act, to establish a 
medical aid program for the aged as 
part of the social security system, and 
to provide Federal subsidies for edu- 
cation. These measures are generally 
endorsed by the Democratic platform. 

On the other hand, the outnumbered 
Republicans in Congress, under the 
leadership of Vice President Nixon 
as their party’s nominee for President, 
will battle just as hard as their oppo- 
nents to make a record which they 
think will appeal to the Nation’s 
voters November 8—with the threat 
of Presidential vetoes of Democratic 
legislation tending to even somewhat 
the balance of power. The outcome re- 
mains to be seen. 


PARTY PLATFORMS CALL FOR 

MINERALS, FUELS PLANNING 

The 1960 platforms of both major 
political parties call for long-range 
planning and increased research with 
respect to the Nation’s mineral re- 
sources, including fuels. 

Democratic pledges include support 
of “continued study and research on 
energy fuel resources” and “the estab- 
lishment of a national fuels policy.” 
Also pledged are “immediate efforts 
toward the establishment of a realistic 
long-range minerals policy.” 

The natural resources plank of the 
Republican platform pledges that 
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fuels get attention 
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point hearings 
ESCAPE CLAUSE: Government 


loses court case 


COAL RESEARCH: Action prom- 
ised on new program 


WILDERNESS: Senator Murray 
sponsors revised measure 


NATIONAL FORESTS: Magnuson 
bill would limit access 


LEAD-ZINC: Subsidy amendments 
to be offered 


POWER SITES: Court upholds min- 
ing claimholder 


party to pursue a policy of long-range 
planning and programming on min- 
erals and fuels, including increased 
research on coal. “Our objective is for 
further growth, greater strength, and 
increased utilization in each great 
area of resource use and develop- 
ment,” the plank states. 

Pending in both Houses of Con- 
gress is legislation which would estab- 
lish a bipartisan Senate-House Com- 
mittee charged with conducting a 
comprehensive study of the Nation’s 
fuel resources, with a view toward the 
establishment of a national fuels’ pol- 
icy. This legislation, which has the 
strong endorsement of the coal mining 


industry, might now receive further 
attention before Congress adjourns. 


TARIFF COMMISSION HOLDS 
PERIL-POINT HEARINGS 

The Tariff Commission is in the 
midst of extensive hearings begun 
last month as part of its peril-point 
study with respect to the 2,500-plus 
articles upon which concessions may 
be offered by the United States during 
negotiations in Geneva, Switzerland, 
scheduled to get under way in Sep- 
tember. 

These negotiations, aimed at a pro- 
gressive reduction of international re- 
strictions on trade, will be partici- 
pated in by the 37 nations signatory 
to the General Agreement on Tariffs 
and Trade (GATT). 

Under the Trade Agreements Act, 
the Tariff Commission is required to 
make an investigation and to report 
to the President its findings with re- 
spect to each article upon which im- 
port duties may be lowered or other 
import restrictions relaxed. Commis- 
sion findings must specify (1) the 
limit to which duty reduction or other 
concession may be granted or ex- 
tended without causing or threatening 
serious injury to the domestic indus- 
try producing like or directly com- 
petitive articles, and (2) if increases 
in duties or additional import restric- 
tions are required to avoid serious 
injury to the domestic industry, the 
minimum increases in duties or addi- 
tional import restrictions required. 

Representatives of the chemical in- 
dustry, initial witnesses at the peril- 
point hearings, generally opposed the 
granting of further concessions on a 
wide range of chemical products. The 
list of articles contains a variety of 
semimanufactured and manufactured 
metal products; spokesmen for domes- 
tic manufacturers of like articles are 
scheduled to testify late this month. 
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GOVERNMENT LOSES APPEAL 
IN ESCAPE-CLAUSE CASE 

The U. S. Court of Customs and 
Patent Appeals has affirmed a Cus- 
toms Court decision in which it was 
held that the President, under the es- 
cape-clause provision of the 1951 
Trade Agreements Extension Act, has 
no authority to proclaim a rate of 
duty different from that recommended 
by the Tariff Commission. 

The case in question involved the 
importation of bicycles. The importer 
protested the increased rate of duty 
assessed under a Presidential Procla- 
mation issued pursuant to an escape- 
clause proceeding. The increased rate 
so proclaimed was lower than the rate 
recommended by the Tariff Commis- 
sion, and the importer contended, 
among other things, that the Presi- 
dent's powcr was limited to approving 
or disproving the Commission’s rec- 
ommendation and that he was not 
authorized to modify or to adopt only 
partially the action so recommended. 
The Customs Court found in his favor, 
and the Government appealed. 

Language of the pertinent statute 
was cited by the appeals court as fol- 
lows: “The President may make such 
adjustments in rate of duty * * * as 
are found and reported by the Com- 
mission to be necessary to prevent or 
remedy serious injury.” The court 
then reasoned that the President had 
the option of proclaiming a recom- 
mended adjustment in the rate of duty 
or disregarding the Commission’s 
recommendation and making no 
changes in existing rates. If the situ- 
ation were otherwise, the court indi- 
cated, the procedures set up in the 
escape-clause would be meaningless. 

This decision may have implica- 
tions with respect to other escape- 
clause actions taken by the President, 
including his imposition of quotas on 
lead and zinc in 1958. As a result, it is 
generally expected that the Govern- 
ment will carry the bicycle case to the 
Supreme Court. 


QUICK ACTION PROMISED ON 
COAL RESEARCH OFFICE 

Secretary of the Interior Fred A. 
Seaton has announced that the In- 
terior Depcrtment will proceed as 
quickly 2s possible to establish an 
Office of Coal Research to contract 
for research aimed at increasing the 
utilization and output of coal. The 
Act authorizing the program was 
signed into law July 7 by President 
Eisenhower. 

The new law provides that the Of- 
fice of Coal Research will be aided by 
advisory groups in the screening and 
selection of coal research projects. 
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These advisory committecs, the Secre- 
tary said, will be selected to give 
broad representation from all seg- 
ments of the coal industry. 


REVISED WILDERNESS BILL 
INTRODUCED IN SENATE 

Chairman Murray (Dem., Mont.) 
of the Senate Interior Committee has 
introduced a revised bill to establish 
a National Wilderness Preservation 
System which, as provided in earlier 
Wilderness bills, would be composed 
in part of millions of acres of national 
forest areas now open to prospecting 
and mining under the general mining 
laws. 

The new measure retains the ban 
on any form of commercial enterprise 
within the Wilderness System. It also 
retains language providing that pros- 
pecting and mining, and exploration 
ior and production oi oil and gas, 
would be permitted only in excep- 
tional circumstances as determined by 
the President and under such regula- 
tions as he may deem desirable. 

Although mining and other natural- 
resource industries are strongly op- 
posed to such legislation—on the basis 
that it would hamper economic devel- 
opment of the West—it received a 
boost at the recent Democratic Con- 
vention in Los Angeles. A plank in 
the 1960 platform of that party states 
that “A National Wilderness System 
should be created for areas already 
set aside as wildernesses. The system 
should be extended but only after 
careful consideration by the Congress 
of the value of areas for competing 
uses.” 


BILL WOULD LIMIT FOREST 
ACCESS RIGHTS 

A bill which would greatly broaden 
the Forest Service’s control of access 
across national forest lands to ad- 
jacent or intermingled private lands 
has been introduced by Senator Mag- 
nuson (Dem., Wash.). The measure 
was referred to the Senate Public 
Works Committee, a special subcom- 
mittee of which may hold public hear- 
ings on it this Fall. 

Mining claim owners and other per- 
sons owning lands within the bound- 
aries of national forests now have a 
statutory right of ingress and egress 
and the right to build roads across the 
national forests to enable them to get 
to and from, and to utilize, their prop- 
erty. The Forest Service testified 
earlier this year that it believes it 
should have reciprocal rights across 
the applicant’s land “in any situation 
where mutual needs exist” even 
though it could attain its ends by exer- 
cising the right of eminent 'domain. 


Magnuson’s bill would authorize 
the Secretary of Agriculture, with re- 
spect to lands administered by the 
Forest Service, (1) to require pay- 
ment of fees for use and maintenance 
of roads and trails; (2) to grant ease- 
ments for rights of way for roads 
“upon such terms and conditions as 
he may deem are in the public inter- 
est”; and (3) to condition the grant 
of any right of way or permission to 
cross Forest Service lands upon the 
granting to the United States of rights 
or permission to cross the applicant's 
lands. 


ALLOTT WILL PROPOSE 
LEAD-ZINC AMENDMENTS 

Senator Allott (Rep., Colo.) has 
served notice upon the Senate that he 
will propose several amendments to 
the House-passed Edmondson lead- 
zinc subsidy bill when it reaches the 
Senate floor. This measure was ap- 
proved without change by the Senate 
Interior Committee and is now on the 
Senate calendar. 

The Allott amendments would (1) 
make the program applicable to al 
producers rather than limiting it to 
small producers; (2) reduce the pay- 
ment targets from 17 cents per pound 
for lead and 1414 cents per pound for 
zine to 151% cents and 131% cents re- 
spectively; (3) reduce the annual 
maximum production upon which 
subsidy payments could be made to 
2.000 tons of combined lead and, or 
zinc (the bill’s ceiling is 2,000 tons 
of each) ; (4) finance the program by 
authorizing the Secretary of the In- 
terior to borrow up to $50 million 
from the Treasury rather than by di- 
rect Congressional appropriations; 
and (5) set up a schedule of subsidy 
payments ranging from 0.2 cents to 3 
cents per pound on lead and from 
0.15 cents to 1.95 cents per pound on 
zinc. 

Under the Edmondson bill, subsidy 
payments would give producers the 
equivalent to what they would have 
received at lead and zinc prices of 17 
cents and 1414 cents per pound, re- 
spectively. 

Also pending in the Senate is a 
House-passed tax bill to which the 
Senate Finance Committee added a 
lead-zinc import tax amendment spon- 
sored by Senator Kerr (Dem., Okla.). 
This amendment would replace pres- 
ent tariff duties on the two metals and 
their ores and concentrates with 
higher import taxes, a portion of 
which would be suspended whenever 
the prices of lead and zinc are at or 
above 141% cents for lead and 1314 
cents for zinc on a quarterly basis. 

(Continued on page 84) 
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Wallace Macgregor has been ap- 
pointed president of Climax Molyb- 
denum Co. and elected vice president 
of American Metal Climax, Inc., the 
parent company. 
He succeeds 
Frank Cool- 
baugh, president 
of American 
Metal Climax, 
who has also been 
serving as presi- 
dent of Climax 
Molybdenum 
since June l, 
1959. 

A former treasurer of Climax and 
controller of American Metal Climax, 
Macgregor has been a vice president 
of Homestake Mining Co. since his 
departure from American Metal Cli- 
max in January 1958. 


W. Macgregor 


The company 
has also an- 
nounced that 
Robert Hen- 
derson has been 
appointed vice 
president of 
Western opera- 
tions. He will be 

R. Henderson responsible for 
production of molybdenum and tung- 
sten from the company’s mine and 
concentrator at Climax, Colo., and 
production of uranium and vanadium 
in:Colorado, Utah, New Mexico, Ari- 
zona, and Texas. Prior to his appoint- 
ment, Henderson was general man- 
ager of Western operations of Cli- 
max, and before joining the company 
in 1936, he was associated with Inter- 
national Nickel Co. and other mining 
enterprises. 


Cleon R. Fowler recently became 
general manager of mines, Pocahon- 
tas Fuel Co. Division of Consolida- 
tion Coal Co. Prior to the new ap- 
pointment, he had been general su- 
perintendent of Arkwright No. 1, 
Osage No. 3 and Pursglove No. 15 
mines of Christopher Coal Co., an- 
other Consol subsidiary. Fowler has 
been associated with the Consol or- 
ganization since 1940 when he joined 
Christopher in its engineering depart- 
ment. 


Ira E. McKeever has been ap- 
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pointed general manager of sulphur 
operations of Texas Gulf Sulphur Co. 
He will have direct charge of the com- 
pany’s mines and plants at all loca- 
tions in the Gulf Coast region. Mc- 
Keever joined Texas Gulf in 1952 as 
a member of the Exploration Depart- 
ment. He became assistant manager 
of mining exploration of Texas Gulf 
in 1958 while serving as vice presi- 
dent of Texas Latin Exploration Co., 
a subsidiary. For the past year he has 
performed company assignments both 
in the United States and Australia. 


Walter A. Morris, vice president 
of Dawson Coal Co. and Dawson 
Coal Sales Co., has succeeded Joseph 
H. Schneider as president of the 
two companies. Schneider has become 
chairman of the board of directors. 


Paul M. Kavanagh, formerly 
general manager of the Yukon Con- 
solidated Gold Corp., Ltd., has been 
appointed chief geologist—explora- 
tion for Kerr-Addison Gold Mines, 
Ltd. 


George O. Tarleton, president 
of Pittsburgh Coal Co. Division 
of Consolidation Coal Co. recent- 
ly succeeded G. 
A. Shoemaker 
as president of the 
Western Pennsy]l- 
vania Coal Oper- 
ators Assocfation. 
Shoemaker, pres- 
ident of Consoli- 
dation, had served 
as president of 
WPCA for more 


than nine years. 


G. O. Tarleton 


G. La Monte Weissenburger 
has been named president of Van- 
adium Corporation of America suc- 
ceeding William C. Keely who was 
named chairman of the board. Weis- 
senburger had previously been vice 
president. 


W. E. R. Smith has been elected 
vice president of American Zinc Com- 
pany of Illinois, an American Zinc, 
Lead and Smelting Co. subsidiary. 
He will continue to serve as resident 
manager of the company’s operations 
at Dumas, Texas, a post he has held 
since 1955. 


R. E. Kendall was recently ap- 
pointed to the newly-created position 
of engineering 
manager at the 
United States 
Borax & Chemi- 
cal Corp. Kendall 
joined the com- 
pany in 1954 as a 
planning engi- 
neer to make a 
feasibility study 
for proposed R. E. Kendall 
open-pit mining at Boron, Calif. In 
1956, when open-pit stripping started 
at Boron, he was named assistant 
mine superintendent, a position he 
held until his recent promotion. Be- 
fore joining U. S. Borax, Kendall 
had been employed by Dayton Con- 
solidated Mines Co.; Resurrection 
Mining Co., and Isbell Construction 

0. 
Charles Lester Friedmann has 
joined United States Borax as a 
senior process engineer at the com- 
pany’s Boron operations. Friedmann 
formerly was associated with Titan- 
ium Metals Corporation of America 
at Henderson, Nev., as a production 
supervisor. 


Richard J. Menze recently joined 
International Minerals & Chemical 
Corp. as assistant production manager 
of all Consolidated Feldspar Depart- 
ment plants and quarries in the United 
States and Canada. Menze was pre- 
viously with Magnet Cove Barium 
Co., and earlier had worked for Ten- 
nessee Copper Co. 


Charles W. Gilmore has suc- 
ceeded F. D. Woodworth as mine 
industrial engineer for the New York 
Iron Ore Division, Jones & Laughlin 
Steel Corp. at Star Lake, N. Y. Wood- 


worth has resigned. 


Frederick W. Pfau has been 
named manager of International Salt 
Company’s Detroit, Mich., rock salt 
mine, succeeding John L. Ryon, Jr., 
who was named assistant director of 
production for the company. Pfau 
joined International Salt in 1930 as 
foreman of surface operation mainte- 
nance at the Detroit mine and held 
several other maintenance supervisory 
positions until 1959 when he became 
general superintendent of the mine. 
Ryon, who had been manager of the 
Detroit mine since 1959, will assist in 
co-ordinating and directing produc- 
tion activities of the company’s four 
rock salt mines and three evaporated 
salt refineries located throughout the 
country. 
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Paul L. Als- 
paugh has been 
appointed a vice 
president of 
Union Carbide 
Olefins Co., divi- 
sion of Union 
Carbide Corp. 
Alspaugh has 
been manager- 

planning for “Union Carbide Metals 
Co., since the early part of this year. 
Before that he was product manager- 
titanium for the Metals Company for 
two years. He joined the corporation 
in 1928 as an engineer for the Union 
Carbide Chemicals Co. During the 
early 1950’s he was instrumental in 
the dev elopment of the remotely con- 
trolled continuous mining machine. 


Douglas W. Middleton has been 
named development engineer of min- 
ing at the Cedar City, “Utah, a 
ties of Columbia Iron Mining Co., 
U. S. Steel Corp. affiliate. He has iin 


with the company since 1953. 


Harold Powers has been named 
successor to Ray L. Schultze as gen- 
eral superintendent of Rio de Oro 
Uranium Mines, Inc. Prior to his ap- 
pointment Powers had been chief geo- 
logical engineer, and before joining 
Rio de Oro in 1957 he was State 
geologist with the Idaho Bureau of 
Mines. Schultze recently resigned 
from the company to become vice 
president and general manager of See 
Tee Mining Corp. 

John R. Englehorn, manager of 
the Metal and Ore Department. 
American Zinc, Lead and Smelting 
Co., has resigned. E. K. Minear, 
purchasing agent and assistant to the 
vice president-traffic, will assume ad- 
ditional duties as director of pur- 
chases in the Metal and Ore Depart- 
ment, while B. J. Bowden has been 
appointed assistant director of pur- 
chases for ore. Bowden will be respon- 
sible for administration of the Metal 
and Ore Department. 


Stanley H. Cohlmeyer will di- 
rect design and construction work for 
the Atlantic City (Wyo.) project of 
Columbia Geneva Steel Division, 
U. S. Steel Corp. Cohlmeyer has 
been manager of the corporation 
since 1957. Before joining U. S. 
Steel he was project engineer and 
chief estimator for Western-Knapp 
Engineering Co. 

Officers for the recently reorgan- 
ized operating organization of Pick- 
ands Mather & Co., which has changed 
from a partnership to a corporation, 
include John Sherwin, president; 
H. C. Jackson, executive vice presi- 
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dent: and H. P. Junod, W. H. Pres- 
cott, Jr., S. S. Robinson and E. C. 
Brunner, vice presidents. Directors 
of the new corporation include 
Charles S. Arms, manager of the 
mining department; Keith S. Ben- 
son, chief counsel; Robert S. 
Carey, manager of iron ore and fer- 
roalloy sales; George S. Lock- 


_wood, Jr., manager of the coal de- 


partment, and Walter J. Williams, 
manager of construction and develop- 
ment; all of Cleveland. Everett L. 
Joppa, general manager, and Don- 
ald M. Chisholm, associate general 
manager, both of the Lake Superior 
Mining Division and John H. Be- 
mis, manager of the pig iron and 
coal department, Chicago, also be- 
came directors as did the four new 
vice presidents. 


Robert F. Anderson recently be- 
came manager of domestic sales for 
the M. A. Hanna Co. He will be in 
charge of all iron ore and nickel sales 
activity for the company in the U. S. 


and Canada. 


Roy Coulson, superintendent, 
Vitro Minerals Corp. at Riverton, 
Wyo., has been elected president of 
the Wyoming Mining Association. 
He succeeds Myron L, Sisson, Su- 
perintendent, Sunrise mine, Colorado 
Fuel & Iron Corp. Other newly 
elected officers of the organization 
include C. J. Paustian of Wyo-Ben 
Products Co., who becomes vice 
president, and H. E. Potter of Mono- 
lith Portland Midwest Cement Co. 


who was named secretary-treasurer. 


Cecil K. Scott and Donald F. 
Virant have been named assistant 
superintendents at Mahoning mine 
and Embarrass mine, respectively, 
Pickands Mather & Co. Scott was 
previously operating assistant at the 
companys Bennett mine on_ the 
Mesabi iron range, while Virant held 
a similar post at Hilton mine at Shaw- 
ville, Que. 


Allen T. Cole, minerals con- 
sultant, has been appointed property 
manager for the Florida and Ten- 
nessee phosphate operations of Inter- 
national Minerals & Chemical Corp. 
He will be in charge of acquisition of 
land reserves, utilization of proper- 
ties prior to mining, and _ reclama- 
tion of mined-out areas. Assisting 
Cole will be W. A. Stringfellow, 
reserves development engineer; A. J. 
Hahn, land reclamation engineer; 
and Cecil Stange, property superin- 
tendent. J. R. Hall will head the re- 
serves acquisition program in the 
Tennessee field. 


OBITUARIES 


Albert L. Ferris, 71, retired min- 
ing engineer and geologist, died in 
Tucson, Ariz., April 26. 

Mr. Ferris’ career in the mining in- 
dustry began in 1911 when he joined 
Shannon Copper Co., at Metcalf, Ariz. 
During World War I he served in the 
U. S. Army, after which he resumed 
engineering and geological work with 
Shannon. In the early 1920’s he was 
employed by Phelps Dodge Corp. at 
Sonora, Mexico, and Morenci, Ariz. 
He was chief engineer at the Ojuela 
Unit of Cia Minera de Penoles in 
Mexico from 1926 to 1929. In 1936 
Mr. Ferris went to Colombia, South 
America. There he held various engi- 
neering and managerial positions with 
several mining companies until 1946 
when he returned to the U. S. to con- 
duct mine examinations and retire. 


Wilbur R. Joy, founder of Joy 
Coal Bit Co. of Prestonburg, Ky., and 
one of the developers of the Joy Coal 
Loader, died June 21 in Louisville, 
Ky. Mr. Joy and three brothers in- 
vented and developed coal mining 
and loading machines and formed the 
Joy Machine Co., early predecessor 
to Joy Manufacturing Co. 


William Oscar McKamey, 74, 
retired vice president and a director 
of Sanford-Day Iron Works, Inc., 
died in Knoxville, Tenn., on June 4. 


Robert E. Brott, 37, tramway 
foreman at the Nye, Mont., operations 
of American Chrome Co., died 
June 6. Mr. Brott, a self-trained elec- 
tronics enthusiast, was greatly re- 
sponsible for improvements and effi- 
cient operation of his company’s 
automated aerial tramway. 


Ira L. Wright, 76, vice president 
and general manager of Black Hawk 
Consolidated Mines Co., died in Silver 


City, N. M., on June 17. 


Thorald Farrar Field, 76, inter- 
nationally known mining engineer and 
raw materials advisor to the Atomic 
Energy Commission died on June 13, 
in Duluth, Minn. 


Carl H. Corbin, 59, former 
prominent eastern Kentucky mining 
engineer died in Elkins, Ky., June 
25. He had been in semi-retirement 
because of ill health. 


Manfred Bowditch, 69, director 
of health and safety for the Lead In- 
dustries Association died in New 
York City July 1. He had been asso- 
ciated with the organization since 


1943. 
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Cleveland-Cliffs to Expand 
Republic Mine 


The Cleveland-Cliffs Iron Co. has 
announced plans for a 900,000 annual 
ton expansion of the production of 
high grade pellets from low grade 
iron ore at the Republic mine, Repub- 
lic, Mich. The facilities at the Repub- 
lic mine and the concentrating and 
pelletizing plants are properties of 
Marquette Iron Mining Co., operated 
by Cleveland-Cliffs and owned by 
Cliffs, Jones & Laughlin Steel Corp.. 
International Harvester Co., and 
Wheeling Steel Corp. 

Capacity of the Republic plant will 
be boosted from the present 700,000 
tons of iron ore concentrate to 1,600,- 
000 tons per year. Half of the product 
will average 641% percent iron content 


and will be processed into pellets | 
through the new facilities at the Re- | 


public plant. The balance will be 62 
percent iron in content and will be 
pelletized by the existing Eagle Mills 
pelletizing plant. 


Six Winners of Sentinels of 
Safety Trophies 


Six mines and quarries in Michi- 
gan, Minnesota, New York, and 
Pennsylvania have taken top honors 
in the 35th National Safety Com- 
petition sponsored by the U. S. Bu- 
reau of Mines. The winners, achiev- 
ing the best safety records in their 
respective groups during 1959, were 
selected from 672 competing mineral 
operations—the second largest in 
contest history. For the first time 
since 1952, all winners were free of 
disabling injuries. Also, mines and 
quarries participating in this event 
reduced the injury-frequency rate to 
a new low—18.29 disabling work in- 
juries for every million man-hours of 
exposure. 

On the basis of records submitted 
to the Bureau, the winners are: quar- 
ries—Port Inland quarry, Inland 
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Lime & Stone Co., Division of Inland 
Steel Co., Gulliver, Mich.; metal 
mines—Wauseca mine, Hanna Min- 
ing Co. (The M. A. Hanna Co.), Iron 
River, Mich.: open pit mines— 
Rouchleau mine, Oliver Iron Mining 
Division, U. S. Steel Corp., Virginia, 


Minn.: nonmetallic mines (under- 
ground )—Akron mine, Bestwall Gyp- 
sum Co., Akron, N. Y.; anthracite 
mines (underground )—Stockton 
mine, Jeddo-Highland Coal Co., 


Stockton, Pa.: bituminous coal mines 
(underground )—Harwick mine, Du- 
quesne Light Co., Harwick, Pa. 


American Zine, Lead & Smelt- | 
ing Co. began casting 18.000-lb zinc | 


alloy ingots in late June at its Mon- | * ; . 
— - J | ing products and other industrial 


santo, Ill., electrolytic plant. The 


ingots, measuring 15 ft in length, 41 | 
in. in width, and 10 in. in depth, are | 


believed to be the largest ever to be 


cast for rolling purposes. After cast- | 


ing, the ingot is cropped and sawed to 
make two 80-in.-long rolling mill 
slabs, each weighing four tons. 


Merger Planned by Flintkote and 
Diamond Portland Cement 


Directors of the Flintkote Co.. 
New York City, and of the Diamond 
Portland Cement Co., Middle Branch, 
Ohio, have approved a plan of merg- 
er through an exchange of stock. ‘The 
proposed merger is subject to the ap- 
proval of stockholders of both com- 
panies. 

Diamond, an old-line mid-western 
cement producer established in 1892, 
completed an expansion program in 
1958 that boosted rated annual ca- 
pacity of its two operating plants at 
Middle Branch to 3,090,000 bbl. 

In addition to cement, gypsum and 
lime, Flintkote manufactures paper 
products, including corrugated con- 
tainers: floor coverings and adhe- 
sives:; pipe and conduit: asphalt pav- 


| items, as well as a broad line of 
building products in the United 
| States. 


New UMWA Regulation 
Trustees of UMWA Welfare and 


Retirement Fund recently adopted 
new regulations which tighten eligi- 


| bility requirements for hospital and 


medical care benefits, pensions, and 
funeral expense and survivors bene- 
fits. Effective July 1, 1960, the regu- 
lations affect miners who have been 
unemployed over a year and those 
who have been self-employed or in 
any way connected with ownership, 
operation or management of a mine. 


ALSO... 


Southern Coal Producers As- 
sociation has moved its offices from 
the Solar Building to Room 503, 
RCA Building, 1725 K Street, N.W., 
Washington 6, D. C. 
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MINE EXAMINATION 
REPORTS AND 
VALUATIONS 


A new book “Mine Examination 
Reports and Valuations” by Dr. 
James H. Pierce, Board Chairman of 
Pierce Management Corporation and 
Thomas F. Kennedy, Consulting Min- 
ing Engineer, is the first authentic 
American book which completely 
covers all phases of coal mine valu- 
ation and the duties of the Examin- 
ing engineer. 


Included in this book are chapters 
on qualifications of the Engineer, 
Scope and Form of Examination, Coal 
Sampling, Water Studies, Production 
Costs, Economic Consideration, Val- 
uation Principles plus formulas and 
tables and illustrative examples of 
applying valuation formulas. 


It is our judgment that this book 
will be used as an authority for many 
years by engineers, accountants and 
lawyers. 


$10.00 per copy. 


PIERCE MANAGEMENT CORP. 
P. P. & L. BUILDING 


SCRANTON 3, PENNSYLVANIA 


REPRESENTATIVE WANTED 


in your territory. From your 
desk you can earn a substantial 
addition to your income. Only 
written contacts with your 
clients! Write for particulars 
and further details to 


VKK-Office 
Vienna 66, P.O.B. 128, Austria 


AMERICAN AIR SURVEYS INC. 


Aerial Topographic Maps 
Aerial Photos & Mosaics 
Property Maps 
Volume Calculations 


907 PENN AVE. PITTSBURGH 22, PA. 
BRANCHES: MANHASSET, N.Y. - ATLANTA, GA. 


THERON G. GEROW 


Mining Consultant and Engineer 


3033 Excelsior Boulevard 
Minneapolis 16, Minnesota 


MOTT CORE DRILLING CO. 


Contractors 


Exploration of Coal Properties. Guarantee satisfactory 
coal cores. Inside Mine Drilling. Pregrouting, Mine 
Shafts. Large diameter holes. 

828-846 — 8th Avenue 

Huntington 17, W. Va. 


J. W. WOOMER & ASSOCIATES 


Consulting Mining Engineers 
Modern Mining Systems and Designs 
Foreign and Domestic Mining Reports 

HENRY W. OLIVER BLDG. 


Pittsburgh, Penna. 


As future cement plant sites, 
Marquette Cement Manufacturing Co. 
has purchased extensive raw material 
deposits at Glen Haven, Wis., and 
Austin, Texas, and is now in the 
process of acquiring a similar deposit 
at an undisclosed point in southern 
Georgia. Property for a distributing 
plant at St. Paul, Minn., has also been 
purchased. All except the Austin 
property are on or close to navigable 
waters. The company indicated that 
cement producing and distributing 
facilities will be built at these loca- 
tions as soon as rising demand pro- 
vides economic justification for the 
individual developments. 


Foote Mineral Co. plans to build 
a $6,000,000 electrolytic manganese 
plant at New Johnsonville, Tenn. It 
will eventually produce 20,000,000 
lb of manganese a year. The plant will 
be built in two stages with the first 
unit expected to be in production by 
late 1961 or early 1962. 
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The Cranberry Iron Mines in 
Avery County, N. C., are back in 
production after a lapse of a quarter 
of a century. Ore from the mines. 
now operated by Cranberry Magnet- 
ite Corp., will be converted into 
sponge iron and high grade steel at 
an electric smelting furnace, to be 
built within the next ten months in 
Carter County, Tenn. The furnace 
will be operated by the recently 
formed Cranberry Iron & Steel Corp. 
When the electric smelter goes into 
operation, Cranberry Magnetité will 
deliver 400 tpd of ore to it. The com- 
pany is currently making shipments 
of 200 tpd to a plant in Rockwood, 
Tenn. 


Contract negotiations paving 
the way for the construction of a 
natural gas pipeline between Duluth 
and Silver Bay, Minn., were recently 
completed by Reserve Mining Co., 
Northern Natural Gas Co., and Iron 
Ranges Natural Gas Co. The con- 
tracts specifically covered the pro- 
posed sale of natural gas by Northern 
and Iron Ranges to Reserve for its 
taconite plant at Silver Bay. This 
would mark the first use of natural 
gas in ore processing in this area. 


OPERATORS’ CORNER 


(Continued from p. 67) 


in mine maintenance programs. They 
are rapid, positive means of detecting 
failure before it occurs. Low cost kits 
can be hand-carried anywhere and 
operate off of 110 volt a-c or a 12-volt 
battery. Larger mobile equipment 
will handle all parts up to 100 ft away 
from the unit. Many objects can be 
inspected in place without disassem- 
bly. Defects are marked positively on 
the part itself. Repairs are confined to 
those actually needed. The integrity 
of salvage, repair or replacement parts 
is assured and the useful life of the 
equipment is extended. Intelligent 
application of these methods in a 
“tailor-made” maintenance program 
can appreciably cut the cost of inspec- 
tion but, more importantly, they can 
cut the cost of repairs and lost pro- 
duction. 
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Jones & Laughlin Steel Corp. 
has opened its new Minnesota iron 
ore mine. Known as the Lind-Green- 
way mine, it is expected to produce 
about 700,000 gross tons of benefici- 
ated ore per year, or about ten percent 
of the company’s current blast fur- 
nace requirements. The open pit oper- 
ation is located on the extreme west 
end of the Mesabi Range near Grand 
Rapids. 
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AMC Salutes 
U. S. Bureau of Mines 


In recognition of the U. S. Bu- 
reau of Mines’ fiftieth anniversary, 
Julian D. Conover, Executive Vice 
President, American Mining Con- 
gress, wrote the following con- 
gratulatory letter to Fred A. Seaton, 
Secretary of the Interior: 

“July 1 marks the fiftieth an- 
niversary of the formation of the 
U. S. Bureau of Mines. As you 
well know, the American Mining 
Congress was one of the driving 
forces behind the Bureau’s or- 
ganization, and we look with 
gratification upon the record of 
its accomplishments over the 
years since 1910. 

“Changes in the industry have 
been manifold in the intervening 
time, and it is to the credit of 
those who guide the Bureau’s 
activities that it has kept con- 
stantly abreast of these changes, 
while at the same time always 
advancing the original goals set 
down by Congress when it es- 
tablished the Bureau. The better 
than ten-fold reduction in lives 
lost because of mine disasters, 
the productive research in min- 
ing and metallurgy, the valuable 
statistical work, and the many 
other activities too numerous to 
list stand as a tribute to its 
efforts. 

“The American Mining Con- 
gress salutes the U. S. Bureau of 
Mines on its Golden Anniver- 
sary.” 

Secretary Seaton replied as 
follows: 

“Dear Julian: 

“Thank you for your con- 
gratulatory letter regarding the 
Bureau of Mines golden anni- 
versary. 

“The Department of the In- 
terior is proud of the Bureau's 
many achievements and also 
grateful for the high esteem ac- 
corded the Bureau by such 
prominent and progressive or- 
ganizations as yours. 

“The American Mining Con- 
gress, through unfailing and en- 
thusiastic cooperation over the 
past 50 years, has helped the 
Bureau of Mines. We hope that 
the Bureau’s service and achieve- 
ments will continue to merit your 
loyal support. 

Sincerely yours, 
Fred A. Seaton 
Secretary of the interior” 
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Molybdenum Corp. of America ash. These cells are expected to re- 
and Wah Chang Corp. plan to con- cover from the slurry 16 tph of coal 
struct a mill in Brazil to produce at 7.5 percent ash. The installation 
columbium concentrates. Completion represents a major step in improving 
is expected in about a year. preparation plant efficiency and in- 

creasing yield. 


The Vesta-Shannopin Coal Di- 

vision of Jones Laughlin Steel Corp. Construction of a new pliant by 
is installing froth flotation equipment Hercules Powder Co. for the manufac- 
at its La Belle, Pa., coal preparation ture of commercial explosives at Gil- 
plant to treat material of 90 percent bert, Minn., will be completed before 
minus 325 mesh. New equipment in- September 1. The new facility will 
cludes 20 flotation cells having a total produce explosives especially designed 
feed capacity of 36 tph at 38 percent for use on the Mesabi iron range. 


Double Your Fine Coal Preparation 
in Any Unit of Floor Area 


By replacing your single deck tables with CONCENCG® 77 B 
cable-suspended, twin-deck tables you can double your coal 
washing capacity in any given unit of floor area while making 
important savings in cleaning costs: 
* The novel head motion, synchronizing the action of both a 
= uses the same horsepower required for the single deck ae 
table. 
* Piping and wiring for servicing the tables is halved. . 
* New building programs may be long deferred. When they 
are required, construction may be lighter, less expensive 
because the floating deck action minimizes operating impact 
to the structure. 
For full information, send for Bulletin 77. 


For Single Deck 
Installations, Use 
the SuperDuty® 
No. 7 Table aration of fine sizes. Special modcls 
Where its use may be indicated; the are available in this single deck 
SuperDuty DIAGONAL-DECK® ~ equipment also for handling high 


Table continues to offer the same refuse feeds. For full information, 
highly efficient and economical prep- simply ask for Bulletin 119. 


* The ORIGINAL Deister Company ¢ Inc. 1906 
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THICKENERS 
and 


HYDRO.- 
SEPARATORS 


For flotation concentrates 


thickening 


ahead of filtering—or for tailings dis- 

posal or reclamation, Hardinge Thick- 

eners provide: 

1. “Auto-Raise” to avoid lost production 
from overloads. 

2. Manual or power raise to supplement 


* Auto-Raise.” 


A 35’-diameter Hardinge 
Superposed Thickener in- 
stallation in a Canadian 
lead - zinc concentrator. 
The sludge outlet for the 
upper unit can be seen 
at the top of the picture. 
Note froth ring on lower 
unit. 


... for all 
clarifying, 
thickening and 
de-sliming 
operations. 

3. Replaceable ring-type ball bearing sup- 


port for rotating mechanism. 
4. Spiral rakes for maximum underflow 


density. 
Also available are froth rakes for froth- 
free overflow and superposed type tank 
construction for minimum floor space and 
building economy. Complete specifica- | 
tions on request. Bulletin 31-E-52. 


HARDINGE 


COMPANY, 


INCORPORATED 


YORK, PENNSYLVANIA - 


240 ARCH ST. ° 


Main Office and Works 


New York « Toronte « Chicago + Hibbing » Houston + Salt Lake City « San Francisco « Birmingham « Jacksonville Beach 
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| An International Symposium 
‘on Mining Research sponsored by 
the U. S. Bureau of Mines and Mis- 
souri School of Mines & Metallurgy 
will be held at Rolla, Mo., February 
| 22-25, 1961. The symposium will be 
devoted to three major areas of min- 
ing research; Explosives and Blast- 
ing; Rock Mechanics, and the Appli- 
‘cation of Basic Science to Mining 
Techniques. 

Invitations have been issued to vir- 
tually every mining country in the 
world to participate. The meeting will 
be presented in French, German and 


English. 


| Peabody Coal Company’s St. 
Ellen coal mine, last large shaft mine 
in St. Clair County, Ill., has been 
‘closed. Although St. Ellen had for a 
number of years produced in excess 
of 1,000,000 tons of coal annually, 
| the company has found that the opera- 
tion in recent years has been un- 
profitable. The mine has been oper- 
ated for 50 years. 


American Metal Climax, Ince., 
will construct a $7,000,000 plant in 
Vicksburg, Miss., to produce nitrate 
of potash and chlorine. Employing a 
new process, the plant will be oper- 
ated by Southwest Potash Corp., a 
division of American Metal Climax. 
| Nitrate of potash is valuable as an in- 
gredient in many types of fertilizer, 
but has not been used extensively be- 
cause of its high price—a situation 
that promises to be remedied by the 
new production process. 


North American Coal Corp. 
plans to construct a 40,000 ton per 
year plant costing in excess of $1,- 
| 000,000 to produce high purity alu- 
/minum sulphate from coal mine 
wastes. It will employ a new process 
| developed under a joint program with 
Strategic Materials Corp. The new 
plant is to be located at North Ameri- 
'can’s Powhatan, Ohio, mine on the 
|Ohio River where there are extensive 
| reserves of both coal and shale. Initial 
|production is scheduled for June 
1961. 


Ideal Cement Co. will build a 
multi-million dollar 1,500,000 bbl a 
|year cement plant at Fayetteville, 
| N. C. Construction will start late this 
year. 


International Mineral & Chem- 
ical Corp. plans to prospect for 
beryllium in western North Carolina. 
Samples containing the metal have 
already been mined in Spruce Pine 
and sold to the Government. 
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All of the employes of Glen- | 
brook Colliery, Stonega Coke and Coal 
Co., Big Stone Gap, Va., have com- 
pleted the U. S. Bureau of Mines’ Ac- 
cident Prevention Course. 


The Mining Journal Ltd., 15 
Wilson St., Moorgate, London, E. C. 
2, has announced the availability of 
its 1960 annual review issue of The 
Mining Journal (21 shillings). Major 
topics include: Review of Metals and 
Minerals, Technical Progress, The 
World’s Mining Fields in 1959, and 
Progress of Individual Companies. 


American Potash & Chemical 
Corp. plans to construct a $5,000,000 
electrolytic manganese plant at Aber- 
deen, Miss. The plant will have an 
initial capacity of 10,000,000 lb per 
year and will be laid out to provide 


for further expansions. Field construc- 
tion is scheduled for fall with com- 
pletion planned for late 1961. 


Eastern Gas & Fuel Associates 
has discontinued operations at its 
Beards Fork mine at Beards, W. Va. 
Bad mining conditions were given as 
the reason for the closure. 


National Gypsum Co. directors 
have authorized the acquisition of | 
stock of Allentown Portland Cement 
Co. through an exchange of shares. 
A formal offer to Allentown’s share- 
holders by National is expected to be | 
made in August, following clearance 
with the Securities and Exchange 
Commission. Allentown, with cement | 


plants at Evansville and West Consho- | 


hocken, Pa., has an annual capacity 
of 4,500,000 bbl. National claims to 


have the largest cement mill in the | 


world at Alpena, Mich., which was in- 
cluded in the company’s 1959 acquisi- 
tion of Huron Portland Cement Co. 


The coal-to-oil research branch 
of the U. S. Bureau of Mines in Bruce- 
ton, Pa., has received the National 
Safety Council’s award of merit for 
its outstanding safety record. 


Columbia-National Corp. will 
resume production of zirconium 
sponge at its Santa Rosa plant near 
Pensacola, Fla., by mid-June. The 
company, a subsidiary of Columbia- 
Southern Chemical Corp., has a con- 
tract with the Atomic Energy Com- 
mission. 


pumping capacity at costs well 


below conventional units. All 
cast parts are a special alumi- 
num alloy; impellers to suit 
each application. Let FLYGT 
prove itself — ask for an on- 
the-job demonstration today! 


1. 


Christopher Mining Co., Inc., | 


of Morgantown, W. Va., has sus- 
pended operations at its Christopher 
Mine No. 9 due to a lack of orders. 
Plans for the future are uncertain. 
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B-38 L running dry 
on construction job 


Junction box 
Shaft, journalled in SKF bearings 


Electric motor, watertight en- 
closure, running in air 
FLYGT mechanical 
heavy-duty 


seals for 


Oil for cooling and lubrication 


Rubber-lined, 


fusers 


replaceable dif- 


Impeller of special alloy 


Simple, revolutionary design, with fewer 
parts involved, gives FLYGT electric sub- 

mersible pumps definite advantages over 
ordinary pumps. This inter- 
nal simplicity produces higher 


3” B-80 L under water 
level on river job 


a 


6”—8" B—150/200 L on 
power house dam project 


YY FALLS, N.Y. 


(WESTERN SALES & SERVICE: STANCO MGFS. & SALES INC., 1666 Ninth St. (CORNER OF OLYMPIC) SANTA MONICA CALIF, 


PUMP BETTER ELECTRICALLY — USE FLYGT! 
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‘Che Hallmark 
Valse 


Three thousand four hundred and fifty advertiser, 
agency and publisher members of the Audit Bureau of 
Circulations have a voice in establishing and maintain- 
ing the standards responsible for the recognition of this 
emblem as the Hallmark of Circulation Value. It repre- 
sents the standard of value that these buyers and sellers 
of advertising space have jointly established as measure- 


publisher’s circulation records that are painstakingly 
checked by auditors and the resulting data are con- 
densed and published in A.B.C. Reports. 

Experienced space buyers use the audited information 
in A.B.C. Reports as a factual basis for their decisions 
in evaluating, comparing and selecting media. The 


FACTS in A.B.C. Reports for business publications 


ment for the circulation of 
printed media. 

The basis for arriving at the 
advertising value of a publica- 
tion is the Bureau’s single defi- 
nition of net paid circulation. 
With this as the standard, the 
circulation records of A.B.C. 

ublisher members are audited 
y experienced circulation audi- 
tors. As specified in the Bureau’s 
Bylaws, A.B.C. auditors have 
“access toall books and records.” 

Subscription and renewal 
orders, payments from subscrib- 
ers, paper purchases, postal 
receipts, arrears are among the 


SEND THE RIGHT MESSAGE 
TO THE RIGHT PEOPLE 


Paid subscriptions and renewals, as 
defined by A.B.C. standards, indi- 
cate an audience that has responded 
to a publication’s editorial 
appeal. With the interests 


include: * How much paid circulation 
¢ How much! unpaid distribution « 
Occupational or business breakdown 
of subscribers ¢ Where they are located 
¢ How much subscribers pay ¢ Whether 
or not premiums are used « How many 
subscribers in arrears * What percent- 
age of subscribers renew. 

This publication is a 
member of the Audit Bureau 


of readers thus identified, it 
becomes possible to reach 
specialized groups effectively 
with specialized 
advertising appeals. 


of Circulations and is proud 
to display the Hallmark of 
Circulation Value as the 
emblem of our cooperation 
with advertisers. Ask for a 
copy of our A.B.C. Report 
and then study it. 
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One of the newest applications for polyethylene 
film is its use as a seal over stoppings in coal mines. 
In its Robena Mine No. 3 in Greensboro, Pa., U. S. 
Steel Corp. is experimentally trying six-mil. poly- 
ethylene film to limit air leakage on metal stoppings 
used to direct vital air currents to the working face. 
About 100 ft of the film is used for each stopping. 


The U. S. Bureau of Mines has revealed a 
method of forming tiny flakes of synthetic mica into 
paper-thin sheets that may prove superior to natural 
mica for certain uses in electronics. Both the new 
paper and the synthetic-mica flakes from which it is 
made are products of studies by the Bureau at Norris. 
Tenn., under an accelerated research program spon- 
sored by General Services Administration. 


Freeport Sulphur Co. has announced that the 
world’s first offshore sulphur mine is now in commer- 
cial operation. Located in 50 ft of water seven miles 
from the Louisiana coastline, the island is the largest 
permanent steel structure ever erected in the ocean. It 
is equipped with a complex of boilers, generators, drill- 
ing and other facilities for mining; sulphur from geo- 
logical formations 2000 ft beneath the bottom of the 
Gulf. Ultimate cost of the Grand Isle project, including 
related facilities on shore, is estimated to be $30,000,000, 
of which $25,000,000 has been spent. 
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Get 
DEPENDABLE support 


with 
PATTIN 
roof bolts and 
expansion shells 


The unique double expansion feature 
of all Pattin expansion shells insures 
dependable roof support, in hard or 
soft roof conditions. Their double 
holding power guards against failure 
— even under a 20 ton pull! 


Pattin features include a parallel 
contact with the hole, and no definite 
drilling depth is required, as the shell 
can be securely anchored at any place 
in the hole. They anchor solidly and 
will not turn while being tightened. 
Wedge and shell are assembled in a 
manner to prevent loss of parts in 
handling, and the bolt and shell as- 
sembly are furnished as a complete 
unit. Plates are bundled separately. 
No special nuts or ears are required 
fon the bolts. These features make a 
safer roof — and a safer roof means 
fewer accidents, increased pro- 
duction, more clearance for equip- 
ment operation and better ventilation. 


\\ 


|| | 


Pattin specializes in roof boltinz 
—it’s our business, not just a side- 
line! Your business is important to 
us, and our service engineers are al- 
ways available for consultation on 
your roof problems—ready to give 
you service when you need it! 
WRITE OR PHONE US TODAY 
for complete details. 


Reg., U.S. 
and 
foreign 
Pat. Offices 


The 
PAT TIN 


split-type 
BOLT 


The split-type bolt is one of the 
first slotted bolts, and continues to 
bea favorite wherever split-type 
bolts are used. Mony mines still pre” 
fer this type. The bolt is @ full 
1-inch in diameter, with cut threads 
ond furnished with hex or square 
nuts ond various size pletes‘end 


PATTIN 


MANUFACTURING COMPANY 
MARIETTA, 


The PIONEER of roof bolting . . . established 1888 


| 
| 
| 
| 
| | 
‘ STYLE | 
D-1 
| 
\ | 
; 
j 
| 
| IN WESTERN STATES 
| Pattin expansion shells are available 
and: serviced exclusively by Colora- 
vor, Western mining 
companies should contact them di- 


New PRI23 GARDNER-DENVER 
Power Rotation Rock Drill 


New Gardner-Denver PR123 gives your operator absolute and 
independent control of all these vital functions: 


—efficient gear motor supplies rotation in either 
pony direction, even when drill is not impacting. 
IMPACT Three rotational speeds. 


IMPACT ' —separate control provides drill impact without 


WITHOUT rotation. Percussion can be varied from light to 
ROTATION heavy blows, and used to loosen couplings or 
stuck steel. 


IMPACT —use light percussion and rapid rotation for soft 
AND formations . . . or heavy impact and slow rota- 
ROTATION tion for drilling hard rock. 


New PR123 uses all hammer energy for percussion. There’s no rota- 
UP T0 30% FASTER tional drag on piston hammer. Results: faster hard-rock drilling 
PENETR ATION than ever before. Depth of hole does not affect drilling speed. 


Now your driller can select the right combination of rotation speed, 
impact force, feed pressure and hole blowing for fastest penetration 
SELECTIVE DRILLING in any type of rock—can change drilling action as soon as the bit 


hits a new formation. 


New PR123 has no rifle bar, ratchet ring, pawls, or other internal 
NO ROTATION rotation parts that frequently cause trouble. Rotation is supplied 


by an efficient gear motor, and a torsion bar absorbs rotational 
PARTS IN CYLINDER shock between shank and motor. 


Independent power rotation is a time-saver. Rotation without im- 
POWER COUP LING pact permits power coupling of threaded rod without thread dam- 


AND UNCOUPLING age. Reverse rotation speeds uncoupling when coming out of the 


hole. Independent power rotation also helps free stuck steel. 


Specifications: Piston diameter : 414”. Length: 3814”. Weight, less mounting: 290 pounds. 
S; 


nce 


EQUIPMENT TODAY FOR THE CHALLENGE OF TOMORROW 


GARDNER - DENVER 


Gardner-Denver Company, Quincy, IIlinois 
International Division, 233 Broadway, New York 7, New York 
In Canada: Gardner-Denver Company (Canada), Ltd., 14 Curity Avenue, Toronto 16, Ontario 
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Beryllium Agreement Negotiated 


An agreement providing for ex- 
ploration, development, mining and 
concentration of beryllium minerals 
on a cost-plus basis has been nego- 
tiated between Beryllium Resources, 
Inc., and the Atomic Energy Commis- 
sion of Mexico. Under terms of the 
agreement, Beryllium Resources will 
have the specific right to mine and 
mill beryllium under jurisdiction of 
the Mexican AEC, which has exclu- 
sive rights to the mineral. When the 
company has established adequate re- 
sources, Brush Beryllium Co., in ac- 
cordance with another agreement, will 
join Beryllium Resources; and with 
the assistance of Mexico the three 
parties will design, build and operate 
a metal extraction plant in Mexico. A 
Mexican company, Beryllium Re- 
sources of Mexico, S. A., has been 
formed, and studies preliminary to 
full-scale geological activities have 
started. 


Phosphate Properties Leased 


J. R. Simplot Co. has acquired the 
phosphate products facilities of the 
Anaconda Co. at Anaconda, Mont., 
and has leased that company’s phos- 
phate properties at Conda, Idaho, on 
a long term basis. Simplot has been 
mining the Conda orebody in accord- 
ance with a joint venture agreement 
previously entered into with Ana- 
conda. Announcement of the acquisi- 
tion indicated that Anaconda will 
operate the phosphoric acid and am- 
monium phosphate facilities for Sim- 
plot. Simplot will continue to make 
the Anaconda line of fertilizers avail- 
able but will do its own marketing. 


Contracts Awarded for Iron 
Ore Project 


A contract for preparation and par- 
tial construction of the Atlantic City 
(Wyo.) taconite mining and benefici- 
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ating project of Columbia-Geneva Di- 
vision, U. S. Steel Corp., has been 
awarded jointly to J. H. Pomeroy & 
Co., Inc., and Bechtel Corp. Work to 
be performed under the contract will 
include construction of foundations 
for crushing, screening and concen- 
trating plants; building about 78 
miles of railroad to Winton Junction, 
placement of 5000 tons of machinery 
and 71% million cubic yards of ex- 
cavations. Arthur G. McKee & Co. 
will build the 4000 tpd_ pelletizing 
plant to be erected at the site. Com- 
pletion of the entire project is sched- 
uled for late 1962. 


Plans Soda Ash Facility 


Stauffer Chemical Co. has com- 
pleted plans to begin immediate con- 
struction of a soda ash production fa- 
cility with an initial capacity of 
150,000 to 200,000 tons per year 
near Green River, Wyo. Production 
will be based on an extensive high- 
grade trona deposit which was 
charted during a two-year test drill- 
ing program. The project, scheduled 
for completion late in 1962, involves 
driving a mining shaft and an air 
shaft, building a railroad bridge to 
span the Green River, a railroad spur, 
highway and refinery. The company 
has developed a process to refine the 
as mined trona, which contains some 
slate and carbonaceous material, to 
yield top quality soda ash. The new 
plant will approximately double the 
company’s current output of soda 
ash being produced at Searles Lake, 


Calif. 


ALSO... 


Exploration for trona in Sweet- 
water County, Wyo., will be con- 
ducted by Texota Oil Co. The com- 
pany is reportedly planning to drill 
two 1500-ft test wells, the first of a 
series to be drilled in the area where 
it holds trona prospecting permits. 


While prospecting on about 75 
claims in the Clifton mining district 
of Tooele County, Utah, Marvel Min- 
ing Co. has uncovered what is termed 
a new occurrence of high grade lead- 
silver oxide ore. The company, which 
is about 48 percent controlled by Eng- 
lish Oil Co., made its discovery while 
removing overburden during explora- 
tory work on its claims. 


Pacific Power & Light Co. is 
reported to have leased 880 acres of 
mining rights in the Eden Ridge coal 
field about 50 miles south of Coos 
Bay, Ore. The company has been 
studying the feasibility of using Eden 
Ridge coal to fuel a 100,000 kw 
steam-electric plant, and will investi- 
gate its combustion by-products and 
its possible use as an industrial raw 
material. 


Production of uranium ore at 
the Orphan mine of Western Gold & 
Uranium, Inc., on the South Rim of 
Grand Canyon, Ariz., has been in- 
creased to 7000 tons per month. Com- 
pletion of a 1500 ft shaft and 900 ft 
haulageway last fall obsoleted the 
company’s 1000 ton per month aerial 
tramway. Since then production has 
been on the increase, reaching 5000 
tons in December 1959 and 6500 tons 
in April of this year. The company is 
now blending its low grade ores with 
high grade to accommodate the Rare 
Metals Corp. mill at Tuba City, Ariz. 


Continental Materials Corp. re- 
cently acquired one-half common 
stock interest in Yale Gold Mining 
Co., which has been exploring for 
silver and gold at the Elko Prince and 
Miners Gold properties near Midas in 
Elko County, Nev. As a result of the 
transaction, reports indicate that Con- 
tinental will make about $100,000 
available for continued exploration 
and development. Yale is a subsidiary 
of New Park Mining Co. and East 
Utah Mining Co. 
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The tough ones 
jcome to 


z 


Card 


Copper-Silver Mine 
Boosts Tonnage 


with 


Card Automatics 


At Wallace, Idaho, a small shaft 
is producing up to 12,000 tons of 
silver-copper ore per month using 
Card automatic bottom dump skip- 
cage combination. Skips are rated at 
125 cu. ft., handling 16,000 pounds 


per trip. The ore pocket is kept filled | 


with Card cars, both rocker-dump and 
Granby types. Surface haulage utilizes 
larger Card cars, 60 cu. ft. Granby type. 


Each skip weighs only 7300 pounds 
—about 45% of payload—a large in- 
crease in payload ratio. The second 
cage permits transport of twice as 
many miners, effectively cutting 
labor costs. Card combinations can 
cut your hoisting costs in small or 


large operations. 


LET US 
SHOW YOU DETAILS 


2501 WEST 16TH AVE.—BOX 117 


CS.Card_JronWorks Co. 
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DENVER 1, COLORADO 


A 5000-ft capacity, 1250 hp, 
\double-drum, direct drive hoist has 
been ordered by Lucky Friday Silver- 
| Lead Mines Co. for its Mullan, Idaho, 
| mine. The hoist, which will cost about 
| $400,000 installed, is scheduled for 
delivery to Lucky Friday in mid- 
| 1961. The company’s present hoist is 
| limited to operation at the 3050 level, 

the present bottom of the mine. 


Spiral drop-cut is the term ap- 
plied to a new type of operation 
which will replace the so-called drop- 
cutting method for establishing work- 
|ing levels and access to a new haul- 
|ageway below the current pit bot- 
}tom at the Bingham Canyon, Utah, 
'mine of Kennecott Copper Corp. The 


*|new spiral tunnel approach, when it 


is completed in about eight months, 
will connect lower pit areas with a 
| 17,951-ft tunnel driven 150 ft beiow 
ithe present pit bottom from nearby 
'Copperton. The project will include 
excavating about 5,000,000 tons of 
ore below the 5640 ft level of the pit 
/and construction of a 3600-ft railbed 
to connect the tunnel and pit. All ore 
-mined below the 5840 level will 
eventually move downhill over the 
completed spiral to the tunnel, and 
through it to the concentrator. 


| Production of super purity 

aluminum at the Mead, Wash., 
plant of Kaiser Aluminum & Chemi- 
cal Corp. is reportedly being tripled 
|with installation of six 180 ton per 
|year capacity refining cells. When 
ithe cells are placed in operation in 
September, the Mead plant will have 
‘capacity for producing about 1500 
tons per year of the super purity ma- 
terial. It has also been reported that 
| Mead is shutting down potline no. 6 
'which had been reactivated earlier 
this year. After closing the line, 
Kaiser’s aluminum facilities will be 
operating at about 82 percent of its 
609,500 ton per year capacity. 


A copper deposit in Valley 
| County, Idaho, will be the site of ex- 
ploration by Copper Camp Co. of 
Boise, Idaho. The company recently 
executed a contract with the Office 
of Minerals Exploration which will 
permit expenditures of $34,840 at the 
Copper Camp mine. The Govern- 
ment’s participation will be $17,420. 


A recent amendment to Atomic 
Energy Commission licensing regula- 
tions concerning the use of depleted 
uranium by the aircraft industry has 
been reported. AEC, which has large 


(Continued on next page) 


MINING CONGRESS JOURNAL 


~ 
| 
4 
| 
| i 4 
| 
Rh 
3 
\ 
| KA 
| ia 
{7 \ 4 


| 
(Continued from previous paye) | 


quantities of depleted uranium, will | 
now permit the use of the product for | 
counterweights in wing tips and tails | 
of jet aircraft without manufacturers | 
obtaining the customary licenses for | 
receipt and possession. It is said that 
about 300 lb of metal used in a single | 
jet airliner will improve aircraft per- | 
formance and economy over other 
materials now employed. 


A 10 by 16 ft rod mill has been 
placed in operation on a test basis at 
the Arthur mill of Utah Copper Di- 
vision, Kennecott Copper Corp. The 
rod mill, presently handling about 
3700 tpd of ore, will be tested for 
about a year under a program aimed 
at solving crushing and grinding 
problems involving coarse copper 
ores from the company’s Bingham 
Canyon mine. If the results are satis- 
factory, rod mills will probably be 
installed to replace the present rolls. 


A one-mile tunnel that connects 
the Castle Gate and Kenilworth coal 
mines of Independent Coal & Coke 
Co. in Carbon County, Utah, has | 
been completed. The $300,000 proj- | 
ect, which included laying 314 miles 
of new track, will, in addition to low- 
ering operating overhead, eliminate 
freight charges previously incurred 
in moving coal from the Kenilworth 
mine to a utility plant at Castle Gate. 
The company will place outside fa- 
cilities at the Kenilworth on a stand- 
by basis. 


The largest shipment of ura- 
nium ever made from the United 
States for overseas civilian use re- 
cently left Oakland, Calif., for West 
Germany. Valued at about $3,000,- | 
000, the shipment consists of 100 nu- 
clear reactor fuel elements weighing 
about 714 tons for West Germany’s | 
first nuclear power station. 


A 60 to 100 tpd lime plant 
will be built at the Ray Mines Divi- | 
sion concentrator of Kennecott Cop- | 
per Corp. at Ray, Ariz. It will pro- | 
duce milk-of-lime for use as a condi- 
tioning agent in the concentrator’s 
flotation circuit. 


A two-year prospecting permit 
on about 120,000 acres of the Fort 
Apache Indian Reservation in east- 
ern Arizona has been granted to the 


save on maintenance 


cut downtime 


Reliable Stratoflex Hose and Fittings will reduce downtime and 
maintenance costs. 


Stratoflex Hose Assemblies are designed to withstand a combina- 
tion of high pressure and surges; they also afford the maximum 
abrasion resistance required on hydraulic control systems of 
continuous miners. Stratoflex Fittings provide a vibration-proof, 
leak-proof connection. Where quality is of the essence, specify 
Stratoflex on original equipment. With a supply of Stratoflex Hose 
and Fittings on hand, the operator can conveniently make up hose 
lines on the job, thus reducing costly downtime. 


Shown above is a typical installation where Stratoflex is giving 
economical, dependable service. 


For complete information on Stratoflex high pressure hose and fittings, write for Bulletin S-2. 


Colorado Fuel & Iron Corp. CF&I, 

following up on two years of prelimi- re 

nary geological studies, seeks to de- WR ) 

termine whether or not iron ore =) 
P.O. Box 10396 Fort Worth, Texas 


deposits in the area involved justify Philadelphia 
development. Large scale mining op- Branch Plants: Hawthorne, Cal., Fort Wayne, Toronto ee 
erations would necessitate bringing in Canada: Stratofiex of Canada, inc. Toronto, Tulsa 

a railroad 40 miles into the area. —— 
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New WRB 
Rock Drill Bits 


5-hole design — for vacuum 
type, dust-collector rock drills 


WRB TEE CEE BIT 


the tungsten carbide insert 
| bit that needs no resharpening 


WRB STEEL BIT 
“Used to destruction” —no resharpening 


The WRB type TCVA or TCVB is a tungsten carbide in- 
sert bit designed by WRB engineers to provide operators with 
low-cost footage. The fast-drilling bit néeds no resharpening. 
Its exclusive design permits fast drilling far beyond the point 
where conventional multi-use bits must be withdrawn from 
service for resharpening. 

The WRB type SLVA or SLVB bit is the one-use steel bit 
proved in the mining industry as the economical bit that is 
“used to destruction” and discarded. Low initial cost — low 
cost per foot of hole drilled. 

Both bits have strong taper connections. The TEE CEE 
bit and steel bit with class A socket both fit drill rods with 
class A connection. The TEE CEE bit and steel bit with the 
class B socket both fit drill rods with class B connection. 

For detailed information write— 


Western Rock Bit 


Manufacturing Company 
552 West 7th South e Salt Lake City, Utah 
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wheels of government 


(Continued from page 70) 


_ An identical measure by Rep. Baker (Rep., Tenn.) was 


approved by the Ways and Means Committee and is 


| pending in the House. 


The fate of this legislation is clouded by the politically 
charged atmosphere of the Congressional wind-up. 


COURT SUPPORTS CLAIMHOLDER 
IN POWER SITE CASE 


A California Federal District Court has held, in effect, 
that the owner of mining claims located on land later 


| withdrawn for power purposes did not forfeit his claims 


when he failed to file for record in the U. S. district land 


_ office within one year after the effective date of the Min- 


ing Claims Restoration Act of 1955. 

This case hinged on interpretation of language con- 
tained in that Act. While it requires timely filing for 
record of notices of location, this law provides no penalty 
for failure to file, and further provides that nothing in 
it “shall be construed to limit or restrict the rights of the 
owner or owners of any valid mining claim located prior 
to the date of withdrawal or reservation.” 

The plaintiff in this case did not record his claims 


within the one-year period allowed by the Act. Subse- 


quently the Solicitor of the Interior Department, in an 
opinion dated October 30, 1957, declared, “Failure to 
file as required results in a forfeiture of the claim.” The 
plaintiff then brought suit to procure an injunction re- 
straining Bureau of Land Management officials from 
issuing any notice declaring plaintiffs mining claims 
forfeited, or clouding their title. 

The Court granted summary judgment in favor of the 
plaintiff. In its memorandum, the Court stated: “The 
Solicitor takes the position that the Act would prevent 
the restriction or limitation of claims, such as plaintiff's, 
but would not preclude their complete destruction. It is 
completely unrealistic to assume that Congress would 
exert itself to avoid limitation or restriction of such 
claims, and at the same time be quite willing to permit 
them to be destroyed entirely. A prohibition of limitation 
or restriction carries an implied prohibition of destruc- 
tion. To destroy a legal right is to limit it to the smallest 
possible compass. It is in fact the greatest possible re- 


| striction. To declare plaintiff's claim forfeited would 


clearly violate the plain mandate of Congress.” 


WESTERN NEWS (Cont.) 

Texas’ first and the nation’s 26th uranium ore 
processing plant will be built by Susquehanna-Western, 
Inc., near Falls City in Karnes County. The company 
recently signed a uranium purchase contract with the 
Atomic Energy Commission which provides for erec- 
tion and operation of a 200 tpd mill estimated to cost 
$2,000,000. Slated for completion early in 1961, the 
mill is expected to treat uranium bearing ores from 
Karnes County deposits where the company has mining 
leases. The contract with AEC, which runs to December 
1966, further reserves a portion of the mill for produc- 
tion.from independent ore producers in the area who 
had reserves developed prior to November 24,. 1958. 
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When there’s roof to be bolted... 


Bethlehem contact men 
help you test and install 


Experienced Bethlehem contact men are ready— 
anytime—to help you with the original 
installation and testing of Bethlehem 
mine roof bolts and accessories. 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 


Export Distributor: Bethlehem Steel Expor 


for strength 
economy 


+ BETHLEHEM STEEL 
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A SHAKER SCREEN that follows the 
trend to compactness has been an- 
nounced by Fairmont Machinery Co., 
Fairmont, W. Va. The screen drive 
has been integrated to eliminate drive 


arms and provide extra space for 
screen capacity. The drive and screen 
are suspended from wire rope. Drive 
mechanism of the shaker screen is 
an enclosed self-contained unit with 
forced lubrication and all anti-friction 
bearings. Units are furnished with the 
desired stroke and speed ranging from 
V2 in. at 1000 rpm to 5 in. at 165 rpm. 
Speed and stroke can be adjusted and 
varied. Power is supplied by a three- 
phase induction motor. 


THE VIBRATORY FEEDERS of the 
Hi Vi line from Eriez Co., Erie, Pa., 
now include a heavy duty unit, the 
75 A, designed to handle a great di- 
versity of materials in a wide range 
of particle sizes. It has a rated output 


of 75 tph when operating level. It is 
available as either a suspended or a 
base mounted unit. Working on a 
push-pull principle the 75 A has an 
Eriez electro-permanent magnetic 
drive system which operates directly 
from alternating current and needs 
no rectifier. Drive elements are com- 
pletely enclosed. 
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COMPLETION OF A GAMMA- 
RADIOGRAPHIC inspection room has 
been announced by the Farrell-Cheek 
Steel Co., 110 Lane St., Sandusky, 
Ohio. The installation is based on the 
use of the radioactive isotope cobalt 
60 as the energy source in making 
gamma-ray exposures on film through 
sections of steel castings. Purpose of 
the inspection facility is to maintain 
a high degree of quality in the com- 
pany’s electric furnace carbon and 
alloy steel castings. Farrell-Cheek 
products include mine car wheels, 
wheels and rollers, elevator and con- 
veyor parts, sheaves, wire rope fit- 
tings and shovel parts. 


“ONE USE BITS” for dustless vacuum 
type drills have been developed by 
Western Rock Bit Mfg. Co., Salt Lake 
City, Utah. The WRB Tee Cee type 
TCVA or TCVB is a shallow tungs- 
ten-carbide insert bit for either class 
A or class B taper connections. The 
bit reportedly needs no resharpening 
and it has been designed with low- 
cost footage in mind. The WRB type 
SLVA or SLVB bit is a low-cost “used 
to destruction” steel bit of which the 
outstanding feature claimed is its 
pilot construction and wing design. 
Both types of bits are of five-hole de- 
sign and are interchangeable. 


THE ELECTRIC 
SUBMERSIBLE 
PUMP, Model 
B-38L of Flygt 
Corp., Hoosick 
Falls, N.Y., is now 
being offered in 
a 110-volt version 
equipped with 
1.8-hp motor. 
With capacities 
to 85 gpm, and heads to 90 ft, this 
model draws only 13 amp which al- 
lows it to be operated from most 
house currents and portable light 
plants. 


A PRIMER-INITIATOR, designed for 
ammonium nitrate-fuel oil blasting 
agents, has been developed by Chro- 
malloy Corp’s Propellex Chemical Di- 
vision, Edwardsville, Ill. Known as the 
Saf-T-Boost Initiator (Model 151) it 
is said to require no tying, splicing, 
or taping and is reportedly suitable 
for decking, stemming, or any other 
blasting technique. Economy and 
safety are two advantages stressed 
by its developers. It is packaged in a 
cardboard container, and weizhs 13 
oz, is 3 in. in diam, 2 in. high. The 
initiating cord is threaded through 
two %-in. holes. Primer delivers a 
detonation velocity of over 20,000 fps. 


A CRAWLER-MOUNTED yensaatannal UNIT, the G- 900 Tracdril i is ead ba its 


manufacturer, 
Chicago Pneu- 
matic Tool Co., 
New York, N. Y., 
to be an advanced 
piece of one-man 
mechanized drill- 
ing equipment. 
Capable of drill- 
ing over either 
track at right 
angles, and of 
drilling horizon- 
tal snake-holes a 
scant 25 in. from 
the ground, the 
drill’s boom can 
be raised to a 
height of 11 ft 
for horizontal 
breast-holes and 
the carriage 


dump adjusts through a full 360° to increase ip -hole sah. 
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ALUMINUM ELECTRICAL CON- 
DUITS, designed to suit installations 
requiring light-weight, corrosion-re- 
sistance and easy bending, are being 
produced by National Electrical Di- 
vision, H. K. Porter Co., Inc., Porter 
Bidg., Pittsburgh, Pa. The conduit is 
made of prime aluminum alloyed to 
grade number 6063 and processed to 
a T-42 temper to provide high duc- 
tility and permit close dimensional 
control of the conduit during manu- 
facture. It is available in all sizes 
ranging from 2 through 6 in. diam. 
Each length measures ten ft when a 
coupling is attached. 


USABLE BOTH AS A STAND- 
ARD DESK AND AS A DRAWING 
TABLE, the Drawing Chief is avail- 
able from Densmore Calculator Co., 
2003 E. Fourteenth St., P. O. Box 
1557, Oakland 4, Calif. Drawing board 


is concealed under desk top and cele- 
vated into posture chair height by a 
raising mechanism when desk top is 
opened. When closed, drawing board 
fits into a well with enough clearance 
between it and desk top for perma- 
nent mounting of drafting machine. 
There is adequate storage space for 
tools, books, paper and supplies. 


A MATERIALS HANDLING SYS- 
TEM that uses prestressed concrete 
channels as the conveyor support has 
been announced by Frank J. Madison 
Co., 112 Market St., San Francisco 5, 
Calif. In this design, the U-shaped 
beams are inverted so as to also serve 
as a protective cover for the belt, 
drive, idlers and the material being 
handled. Advantages claimed include 
lower initial cost and less mainte- 
nance. It is said that permanance in 
any environment can be expected 
from this design, the use of concrete 
being especially advantageous in nor- 
mally corrosive atmospheres. 
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THE LMG 
BUCKET 
WHEEL EXCA- 
VATOR, for 
which sales 
rights in United 
States and Can- 
ada have been 
acquired by Link 
Belt Co., Chi- 
cago, Ill., is built 
in sizes to dig 
from 200 up to 
13,000 cu yd an 
hour. The rotat- 
ing digging wheel, 
which has buck- 
ets on its periph- 
ery, is used in 


open-pit mining operations for large scale removal of earth, overburden, sand, 


gravel, certain ores and lignite. 


The wheel, located at the end of a boom, 


scoops up overburden and drops it upon a conveyor within the machine and 
thence to other convevors to cars. The entire assembly is mounted on seif- 


propelled crawlers. 


Link-Belt will sell the machine in conjunction with its 


most recent line of high speed, high capacity belt conveyors. The LMG exca- 
vator is manufactured in West Germany by Orenstein-Koppel and Lubecker 


Maschinenbau AG. 


A VERTICAL LIFT MOUNTED 
ON FOUR RUBBER-TIRED WHEELS 
has given the bridge crane new 
maneuverability accoraing to design- 
ers at Travelift & Engineering Inc., 


Sturgeon Bay, Wis. In this arrange- 
ment, the front wheels can be steered 
enabling these units to go wherever a 
lift is needed. In a typical 25-ton- 
capacity model (as pictured here) a 


60-hp gasoline engine provides the 
power for movement and control and 
the engine drives a hydraulic pump 
to operate hydraulic motors and cyl- 
inders. The front, steerable wheels 


are also the drive wheels. Each wheel 
is chain driven by a speed reducer, 
which is driven by a hydraulic motor. 
Motor and reducer are mounted on 
brackets to the wheel axle supports. 
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A POCKET SIZED TESTER to check 
explosive igniters, detonators, prim- 
ers, or squibs has been developed by 
Kinetics Corp., Solana Beach, Calif. 
A sensitive bridge circuit is used, and 
maximum test current is limited to 
ten milliamperes, reportedly eliminat- 
ing danger of setting off igniters dur- 
ing the test. Its power source is a self- 
contained battery, and the weight of 
the whole unit is less than one Ib. 


THE DIESEL WALKING DRACLINE, 
Model 732 of the Page Mfg. Co., Chi- 
cago, Ill., swings a 16 cu yd Page Dual 
Hitch Automatic Dragline Bucket and 


carries a 200-ft boom. It is powered 
by twin V-6 diesel engines, said to 
be the only diesel engineered and de- 
veloped exclusively for dragline ma- 
chines. The bucket adjusts at any 
desired depth above or below the 
fairlead. 


A SIGHT GRAVITY-FEED OILER 
(Style EVO) has been announced by 
Gits Bros. Mfg. Co., 1866 S. Kilbourn 
Ave., Chicago 23, Ill. Among the pre- 
cision features incorporated into this 
unit, according to the manufacturer, 
are a needle valve adjustment for 
lubrication control accuracy; a toggle 
lever shut-off, located to tell a main- 
tenance man many yards away 
whether unit is in operation; uninter- 
rupted metering of oil by adequate 
venting; and a sight feed window for 
checking the oil delivery rate. It is 
available in both glass and unbreak- 
-able plastic in six standard sizes. 
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A CHAIN FLIGHT CONVEYOR used 
to load belt conveyors has been intro- 
duced by Mining Equipment Div., Co- 
lumbus McKinnon Chain Corp. Tona- 


wanda, N. Y., in two new sizes for use 
in thin seams down to 30 in. in thick- 
ness. Known as Ratio-Feeders, these 
units complete a line that ranges up 
to 15-tons storage capacity. They 


AN END DUMP TRUCK, the model 
40 SL, with 40-ton capacity has been 
introduced by K-W Dart Truck Co., 


Kansas City, Mo. The vehicles are 30 
ft long, 13 ft high and 12 ft wide, and 
are powered by a V-12 diesel engine 
coupled with a four-speed transmis- 
sion-converter. Tires, front and rear, 


are 18.00 by 33. 


A GEAR DRIVE, said to be a compact 
space saver drive arrangement for 
grinding mills, has been developed by 
engineers of Allis-Chalmers Mfg. Co., 
Milwaukee, Wis. Called the Twin- 
ducer, it harnesses the power of two 


synchronous motors located on the 
mill side of the drive. The electrical 
load is distributed through an angular 


take material from the shuttle car at 
the car’s highest discharge rate and 
meter it at a controlled rate to the 
belt. Additional functions of these 


units are prevention of belt overload- 
ing, spillage and damage. The new 
RF-40 series features 24 in. and 30 in. 
over-all height with capacities from 
2% to 312 tons. 


rotor shift of one of the motors. Once 
the load is balanced and the rotor 
locked in place, no further adjustment 
is needed, according to the manufac- 
turer, nor are floating gear or pinions 
required. 


A LOCKERBASKET, featuring both 
self-locking garment hooks and the 
patented Sur-Hold coat hanger with 
vertical coat stabilizers, has been in- 
troduced by The Moore Co., 1036 


Quarrier Street, Charleston, West Va. 
The coat hanger permits garments to 
hang naturally, exposed to circulating 
air, while providing safety against 
their falling when the unit is in an 
elevated position. 
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ANNOUNCEMENTS 


Robert B. Bradley, president of 
International Harvester Co. of 
Canada, 
has been elected 
to the office of 
vice president and 
executive head of 
the company’s 
Construction 
Equipment Di- 
vision. He suc- 
ceeds Harald T. 
Reishus, retired. 


Bradley. 


R. B. Bradley 

who joined International 
Harvester in 1929, has served the or- 
ganization in many managerial ca- 
pacities in this country and in Aus- 
tralia as well as Canada. He has held 
his Canadian post since 1954. 


Leschen Wire Rope Div., H. K. 
Porter Co., Inc., has opened a dis- 
trict office and warehouse in Oklahoma 
City, Okla., at 216 South Klein St., 
to service the sales district esubrac- 
ing Oklahoma, Texas, Kansas, Ne- 
braska, Colorado, Wyoming, and 
South Dakota. 


V. L. Snow has been appointed 
general manager 
of the Euelid Di- 
vision of Gen- 
eral Motors 
Corp. He has 
been with Euclid 
since 1935 in a 
variety of sales 
and _ engineering 
positions and was 
director of engineering when ap- 
pointed to his new position. In the 
new assignment he will be respon- 
sible for the administration of the 
four Euclid plants in Cleveland, the 
crawler tractor plant at Hudson, 
Ohio, and operations of Euclid 
(Great Britain) Ltd. in Scotland. 


William J. Loudermilk, Jr. has 
been named sales representative in 
southern West Virginia for Long- 
Airdox Co. Loudermilk, a veteran 
of 13 years with Eastern Gas & 
Fuel Associates, joined Long-Air- 
dox in April. 


Robert L. Johnson has been 
named foundry manager for Har- 
dinge Mfg. Co., York, Pa. In his 
new position, Johnson will direct all 
activities of the company’s “Meeha- 
nite” and “Ni-Hard” Foundry, where 
a $300,000 expansion and moderni- 
zation program is nearing comple- 
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tion. He came to Hardinge in April 
of this year from Bucyrus Erie Co. 
in Erie, Pa., where he had been gen- 
eral foreman of the Iron Foundry. 


Three appointments for the Blue- 
field, W. Va., district of the Jeffrey 
Mfg. Co. have been announced: P. 
M. Campbell as assistant district 
manager: Milton Harper as Appa- 
ratus sales engineer in the No. 133 
(N&W) territory: and Court Clarke 
as Renewal Parts sales engineer in 
the Beckley territory. 


Paul Johnson, sales engineer for 
Goodman Mfg. Co. in northern 
West Virginia for the past several 
years, has been moved to Chicago as 
manager of technical training. He is 
replaced by Harold Nordness, who 
has been sales engineer in Illinois. 


Eimco Corp. has announced the 
election of two of its executives as 
vice presidents plus the creation of a 
new position of financial vice presi- 
dent. Sales manager Wayne L. Dow- 
dey and Dr. Don Dahlstrom, di- 
rector of the company’s Palatine, II, 
Research and Development Center, 
were elected to vice presidencies and 
the new financial post has been given 
to T. F. Olson, formerly a comptrol- 
ler for Crane Co. 


Max Rae Ahrens has been as- 
signed by Climax Molybdenum 
Co. to the Denver office to serve as 
assistant manager of abrasion 
sistant alloy development. Ahrens 
was previously located at the com- 
pany’s operations in Climax, Colo., 
where he was resident physical metal- 
lurgist. 
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CATALOGS & BULLETINS 


ELECTRIC WINCH-HOIST. City Engineer- 
ing Co., Inc., 3547 Massachusetts Ave., In- 
dianapolis 18, Ind. Nine ways to use the 
60-lb My-Te portable electric winch and 
hoist are shown in bulletin M-60. Designed 
to lift 2500 lb and pull 5000 lb, the unit 
mounts on truck, car, or boat with six bolts. 
It works off any 6 or 12-volt battery. 


CRAWLER TRACTORS. The Eimco Corp., 
P. O. Box 300, Salt Lake City 10, Utah. 
Bulletin L-1097 covers the company’s line 
of 100-hp diesel Eimco 103 crawler trac- 
tors. Included are full specifications on the 
tractor, bulldozers, front end loaders and log 
loader units in this series. In addition, there 
are schematic drawings and coded listing 
of performance and other features. 


MAGNETIC SEPARATOR. Carpco Mfg., 
Inc., P. O. Box 3272, Jacksonville 6, Fla. 
Bulletin RFB-102 describes a permanent 
rotating field laboratory magnetic separator 
known as Model RF-1660. The compact 
unit, is equipped with a vibrating feed 
hopper attached to a pan formed into a 
downward volute curve which “curtain 
feeds” the material to be separated under a 
cylindrical stainless steel housing, inside of 
which are permanent magnets rotating on 
a hub in a direction counter to the down- 
ward fall of the material. This type of 
separator was developed particularly to re- 
move magnetite and other highly magnetics 
from granulated materials in the dry state. 


BELT CONVEYOR IDLER. Barber-Greene 
Co., Aurora, Ill. Catalog covers idler appli- 
cation and describes and illustrates the 
more than 800 units in the complete Bar- 
ber-Greene line. Features of four different 
series, designed to match a variety of jobs 
and conditions, are discussed, and complete 
specifications and weights for each unit are 


} listed. 


| Crusher Div., 


John P. Steel has been appointed | 


as assistant to the sales manager of 
the Mining Tool Division of Ken- 
nametal Ine., Bedford, Pa. He had 
been in the company’s advertising 
department since 1955. 


Edmund A. Bowman and Rob- | 


ert L. Young 
have joined the 
Ferndale instal- 
lation of Alle- 
gheny Ludlum 
Steel Corp., 
where they will 
serve respectively 
as production 
field engineer of 
the Carmet Di- 
vision and as buyer for the purchas- 
ing department. Bowman joined Al- 
legheny from Brunner & Lay, Inc., 
and Young came to his new job from 


the Ethyl Corp. 


E. A. Bowman 


SINGLE ROLL CRUSHER. Pennsylvania 


Bath Iron Works Corp., West 


Chester Pa. Bulletin 2020 describes the 
Pennsylvania “Hercules” single roll crush- 


er, which the company recommends for 
heavy duty primary or secondary crushing 
of such materials as cement rock, gypsum, 
mine refuse, coal with rock in it, muddy 
materials, limestone, ores, shale and slag. 


PLUG-IN BUS DUCT. Westinghouse Elec- 
tric Corp., P. O. Box 2099, Pittsburgh 30, 
Pa. Application Data No. 30-661 is com- 
plete with descriptions, drawings, dimen- 
sions, specifications, engineering and test 
data to give the specific information needed 
to lay out, specify and install the plug-in 


| bus duct. 


| DUST SEPARATORS. The Day Co., 810 


Third Ave., N. E., Minneapolis 13, Minn. 
Performance data, installation photos, se- 
lection and dimension charts for Dual- 
Clone dust separators and Dual-Clone sup- 
ports are given in Bulletin D-20. These sepa- 


| rators utilize the basic principles of dust 


| internal 


separation by cyclonic action plus patented 
“skimmers” which produce a two- 


| stage separation. They have no moving parts 


| 
| 


and can be furnished in 22 standard sizes 
to handle air volumes from 250 cfm to 
23,750 cfm of air. 


(Continued on nert page) 
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(continued from previous page) 


MAST FOR LIFT TRUCKS. Advertising 
Dept., Yale & Towne Mig. Co., Yale Ma- 
terials Handling Div., 11,000 Rooseveit 
Blvd., Philadelphia 15, Pa. Specifications of 
Yale Triplex masts, which are now available 
for use with 2000-3000 lb capacity versions 
of Yale Series GP-52 gasoline-powered, and 
K-46, K-47, and K-58 electric industrial lift 
trucks, are included in Yale Bulletin 2410A. 
Various construction features and operating 
characteristics of the mast are also covered. 
The Triplex mast is an extra-high lift, hy- 
draulically-operated unit with normal col- 
lapsed-mast height headroom clearance. 


SAFETY WORK GLOVES. Advance Glove 
Vig. Co., 901 W. Lafayette Blvd., Detroit 
26, Mich. Catalog describes gloves of every 
style and fabric. Included are gloves that 
are resistant to water, chemicals, oil, and 
heat. 


DRILLING ROCK WITH COUPLED 
STEELS. Thor Power Tool Co., 175 N. 
State St., Aurora, Ill. Bulletin No. 10815 
discusses and illustrates proper operational 
and maintenance procedures for coupled 
rock drill steels, including such topics as 
correct rotation, drill, and feed control 
operations; starting a hole; proper feed, 
drilling and lubrication practices; adding 
and removing steels; bit maintenance, and 
dust control. 


STEEL CONVEYOR PULLEYS. Vultip/e 
V-Belt Drive & Mechanical Power Trans- 
mission Association, 27 E. Monroe, Chicago 
3, lll. A new standard entitled “Welded 
Steel Conveyor Pulleys—Recommended 
Load Ratings for Standard Pulleys” has 


been published. It includes a tabulation of 
load ratings applicable to standard welded 
steel conveyor pulleys, a list of the pulley 
diameters considered standard for the in- 
dustry, and a list of pulley face widths 
which are standard for the industry. Also 
included are several pages of data helpful 
to the engineer in selection of the proper 
pulleys. Copies may be obtained from any 
manufacturer of welded steel conveyor pul- 
leys or they may be obtained at the price 


of $1.00 from Multiple V-Belt Drive & 
Mechanical Power Transmission Associa- 
tion. 


WORM GEAR DRIVES. Foote Bros. Gear 
and Machine Corp., 4545 South Western 
Blvd., Chicago 9, Ill. Engineering Catalog 
HGB, illustrating and describing the com- 
plete line of Foote Bros. enclosed worm gear 
drives, features simplified selection proce- 
dures and rating tables to facilitate iden- 
tification of the drive which meets a specific 
requirement. 


UNITIZED CONVEYOR-SCALE SYs- 
TEMS. Weighing & Control Components, 
Inc., 822 E. County Line Road, Hatboro 10, 
Pa. Bulletin 60 covers the use of conveyor- 
scale systems for flow-rate control and total 
thru-put measurement of bulk materials. 


CUTTING EDGES. Caterpillar Tractor Co, 
Peoria, lil. Entitled “Best by Job Test,” 
Form 33708 describes how cutting edge 
costs can be reduced. Featured in the book- 
let are reports from scraper and dozer own- 
ers across the country who have used vari- 
ous types of cutting edges in materiai 
ranging from rock and gravel to highly 
abrasive sand. Benefits of induction-hard- 
ened edges are cited as well as features an-| 
benefits of multi-section dozer and scraper 
edges. 


EXPLOSIVES STRIPPING. Atlas Powder 
Co., Wilmington 99, Del. A reprinted ar- 
ticle, “Moving Overburden with Explosives” 
explains how careful planning and use of 
ammonium nitrate blasting agent in com- 
bination with millisecond delay electric 
blasting caps moves up to 40 percent of a 
stripping operation’s overburden without 
the use of equipment. Savings are discussed 
and suitability of this method for other 
strippings is outlined. 


POWER TRANSMISSION MACHIN- 
ERY. Dodge Mig. Corp., Mishawaka, Ind. 
Catalog describes all products in the com- 
pany’s line of mechanical power transmis- 
sion equipment. Sections of the book are 
devoted to both new and established prod- 
uct categories, with engineering drawings, 
dimensions, weights, prices, technical data 
in tabular form, and selection and applica- 
tion information. Requests should be made 
on company letterhead. 


HANDBOOK ON WIRE ROPE AND 
SLINGS. Union Wire Rope Corp., 2144 
Wanchester Ave., Kansas City 26, Mo. Car- 
toon caricatures liven up and aid illustra- 
tion of a 28-page booklet on abuses that 
shorten the life of wire rope and on the 
correct way to use wire rope and slings 
to add to their service life. 


CIRCULAR SLIDE RULE. General In- 
Zustrial Co., 1760 W. Montrose Ave., Chicago 
13, Ill. Your business letterhead and duties 
as an engineer or executive will bring you 
free of charge a circular slide rule which 
this company has just started producing. 
It is pocket-size and claimed to be quick 
and easy to operate. For those not qualified 
as engineers or business executives the 
instrument can be purchased for fifty cents. 
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HOW JOY KEEPS IDLERS BUSY 
LONGER UNDER DIRT, DUST 


By switching to Timken® tapered roller bearings, 
Joy Manufacturing improved sealing for its 
Limberoller® two-bearing, single-unit Conveyor Idler 

. . reduced bearing failures caused by dirt, dust, 
moisture. They also have continuous, smooth spillage- 
free and trouble-free operation. Timken bearings hold 
the idlers on center at all times, increase sealing 
efficiency, keep belt moving smoothly. 


On your own bearing applications, you'll find that 
Timken bearings assure minimum maintenance, long 
bearing life because: 1) They hold shafts concentric 
with housings, making closures more effective in 
keeping lubricant in, dirt out. 2) The tapered con- 
struction of Timken bearings lets them take radial and 
thrust loads in any combination. 


tapered roller bearings 


ENGINEERING SERVICE FOR THE 
ASKING. Let our Timken bearing 
salesmen—graduate engineers— 
tackle your bearing problems, solve 
them in a hurry. Save you time and 
money. 


ROLLS FOREVER IN PERFECT CIRCLE 
on oscillating table, proving the ac- 
curacy of its taper. Another demon- 
stration of Timken bearings’ precision 
manufacture that assures trouble-free 
performance. 


The Timken Roller Bearing Com- 
pany, Canton 6, Ohio. Cable address: 
“TIMROSCO”’ Makers of Tapered Roller 
Bearings, Fine Alloy Steel and Remov- 
able Rock Bits. Canadian Division: 
Canadian Timken, St. Thomas, Ont. 


Call on us at the AMC Metal Mining Show, Las Vegas Convention Center, October 10-13, Booth 318. 
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THIS IS MSA: Fire Fighting Equipment « Rock Dusting and 
Dust Collecting ¢ Illumination *« Electronic Communication and Control 
Respiratory Protection e Artificial Respiration Equipment ¢ Personal Pro- 
tective Wear e First Aid Equipment ¢ Permanent and Portable Instruments 


Prevention is the best control for 


mine fires. . . but, if a fire starts, immediate use of 
on-the-spot equipment keeps it under control. Then, major 
fire fighting equipment can be brought up and completely 
extinguish the fire. MSA has the products that give you 
this kind of fire protection. 

M-S-A® Dry Chemical is a specially prepared sodium 
bicarbonate for instant mine fire control. Available in 
60-pound bags, it can be stored at vital fire control loca- 
tions. Should fire occur, Dry Chemical can be spread 


immediately by M-S-A® Rock Dust Distributors, shovel or, 
even by hand. It plugs the crucial time gap until large capac- 
ity fire trucks arrive. M-S-A® Fire Trucks, available in vari- 
ous sizes, provide the capacity needed to extinguish fires. 

Call your MSA representative for additional information. 
Or write for helpful literature. Mine Safety Appliances 
Company, 201 North Braddock Avenue, Pittsburgh 8, 
Pennsylvania. In Canada: Mine Safety Appliances Com- 


pany of Canada Ltd., 500 MacPherson 
Avenue, Toronto 4, Ontario. 
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